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ABSTRACT 


The purpose of this study was to investigate the effectiveness of 
an inquiry approach to the teaching of arithmetic for the development of 
efficient strategies of problem solving and to examine relationships 
among language achievement, tentative thinking and problem solving. 

Righty grade six students, ten from each of eight classrooms 
located in seven schools, participated in the study. Four of these 
classes had been identified as using an inquiry approach and four as 
using a non-inquiry, or traditional, approach, During an oral interview, 
each subject was administered a Strategies of Problem Solving Test which 
consisted of six mathematical problems for which an algorithmic solution 
had not previously been taught. Subjects were asked to think aloud as 
they attempted to solve the problems, to explain their reasons for 
suggesting a solution and to give reasons for believing that they had 
reached a correct or an incorrect solution. Scores were assigned on the 
basis of the strategies used to solve the problems, The strategies were 
found to be related to the manner in which the subjects sensed a problen, 
predicted or hypothesized possible solutions and verified or validated 
their predictions, Mean scores for the Inquiry and NoneInquiry groups 
were compared statistically to determine the significance of any difference 
observed between then, 

Other variables on which the groups were compared were age, 
intelligence, language achievement and problem solving achievement as 
measured by the Iowa Problem Solving Subtest. The tape-recorded protocols 
of the problem solving interviews were examined for evidence of tentative~ 
ness, defined as the ability to consider more than one alternative, to 


suspend judgment and to engage in search behavior, 
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It was found that subjects in the Inquiry group scored signifi- 
cantly higher on the Strategies Test than did those in the Non-Inquiry 
group, However, an analysis of the differences in means among the sub- 
groups revealed that statistically significant differences existed only 
between one Inquiry subgroup and one Non-Inquiry subgroup, This 
suggested that caution should be used in interpreting the findings. 
There was no conclusive evidence that students taught by an inquiry 
approach did in fact develop superior strategies of problem solving 
as compared to students who had not been taught by this approach, 

The most interesting finding as a result of the investigation 
was that tentativeness, as defined in the study, was closely related 
to problem solving ability and to the use of trial and error as a 
technique for solving problems, Students who were able to suspend 
judgment as to the correctness of a solution until they were able to 
verify it, were generally the most successful problem solvers, On the 
other hand, students who considered only one alternative and relied on 
the correctness of their computation to verify a solution were usually 
less successful, 

Several implications for education were considered and sugges- 
tions made for further research, The conclusion was reached that 
tentative thinking and problem solving may require the learning of a 
particular function of language and of those language skills which are 
related to the formulation of hypotheses and to the settling of 


conjectures, 
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CHAPTER ONE 
THE PROBLEM, ITS NATURE AND SIGNIFICANCE 


It is generally recognized that the teacher's goal in the 
development of problem solving skills is broader than just teaching 
pupils to solve any given set of problems successfully. Hudgins (1966) 
believes that the teacher must be concerned with developing flexible 
strategies so that pupils may learn to attack problems independently, 
"when cues ordinarily available from the context of the lesson or from 
the teacher's guidance are missing" (p. 40), 

Gagné (1967), recognizing problem solving as the highest form 
of learning, expresses the belief that when individuals are engaged 
in problem solving they learn to instruct themselves, to adopt 
strategies which guide their thinking. Strategies of inquiry play 
an important role in the theories of both Piaget (1960) and Bruner (1966). 
Larson (1966) succeeded in identifying several components of the 
strategies fifth-grade children use as they attempt to solve problems, 

The question arises as to what kind of teaching, particularly 
in the arithmetic classroom, might facilitate the development of useful 
and flexible strategies of problem solving. Would an ‘'inquiry' 
approach to the teaching of mathematics assist this development? 

Recent authors (Cambridge Conference, 1963; Avital and Shettleworth, 
1968) have indicated that it would. 
The discovery approach, in which the student is asked to 
explore a situation in his own way, is invaluable in developing 
creative and independent thinking in the individual (Cambridge 


Conference, 1963, p. 17). 


If strategies of problem solving can be developed in the class= 
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2 
room, it would seem that children who were taught by means of a discovery 
or 'inquiry' approach to mathematics would learn more efficient strategies 
than their counterparts in a classroom which utilized a more traditional 
textbook approach, 

Since the process of problem solving is practically synonomous 
with thinking (Dewey, 1933; Spitzer, 1967), finding a way to investigate 
the processes (strategies) of problem solving would mean finding some 
way to monitor the thinking process. Kilpatrick (1967) recommends the 
"thinking-aloud" technique as a means of studying the protocols which 
subjects use as they engage in problem solving. In this context it 
might also be possible to examine the relationship of language and 
thought in the development of problem solving ability. 

Loban (1963) suggested that there might be a relationship 
between language achievement in school children and the degree of 
tentative thinking in which they engage. Studies by Bernstein (1967) 
and Halliday (1969) also suggest that skills which are required for 
"higher-order" problem solving, such as the formulation of hypotheses, 
prediction of outcomes and validation, may not be within the grasp of 
the child who is deficient or restricted in language. 

It seemed that the kind of research needed at the present time 
in the area of problem solving in arithmetic was an investigation into 
the strategies which children use as they attempt to solve a set of 
mathematical problems for which they had not previously learned a 
straightforward or 'pat' solution, Since problem solving processes 
can only be studied by having subjects generate observable sequences of 


behavior (Kilpatrick, 1969), the administration of these problems in 


94) ; 7 3400 10) Cal e 
_ 












@ 
d : i | 
q ‘ - 


ie ; - Py, 


‘erew odw aonb Ltrdo toni mess bio ow tk woot 


‘3 sk ? sem yd idyue 
4 oselkh to enher 1 i 2 : . _* 
: ; < Ty ' * 4 uC " 
- rPtoattte atc aveel Sivow eyiiegelsne od ila Ot 73 ertupat 10 
sefyetets: ftolrre "Bet : 
* a wad+ aad 7 
f ++ ; titdu 452 noouwvssel> a af ateeytesnpos ated3 —e 
Innotstbery 910 ben titiu fo2aw 2 F . . 
‘af al eT 
foeatqae aoodsxes 
) - “ ar rae 4ae8 97t0 7 st ate 
“J ot : . al . . 
i 
og he -eeor. .yowed) patiintdt dite 
=F F! ¥ vit t 1 "’ 3 ™ : 
4 a4 o ta iorde) eepaeponq en? 
ae if i jini co) Yer 
¢ e i [um Nine, arda" 
3 esi atootdua 
\w _ Ls he 
! [ osia tAgia 
eb @ t topwons 
i al (86 ‘ od 
. tds evitataed 
yet) yabit ten bic 
EY ; "xebro-tedgta" 
- - i 
f ia ori & Pe ence 
. iv Se! « vive a 
n . 20 2netotts o blido adil 
f sf “woe 31 4 
@al) Jneedig aol 2 ba G norevesi “6 tn ot Jend pense hia 
: a _ 
ojft nobiagivaeval 2 aew oivame st it zorvios sisicoty, 10 2eTs” oid ak : 
ae Bae Ps! ai i ok ® 


- 








biido dotdw geieesagte en. 


ce 

toa 
7. 

” 
A 
_ 
“ 
wr 

’ 


to fen 5 evios o 
a 





7 ——_— 
: és at ie fF ' 
| @ Bemtsel yfavotvemy Jo" Bhe roduc colidw to? gpusidory Orobina ua 


* 


7 
ae sa00: ong yaivios meido bay 82 anbG .dotiglos ‘gag! 7 brow: Wisayplaise 
: u 


7 


_ 





















a 7 : 
oo supes aev-ceee >, ows S mp avast piri x : aahw: 2 


vi aa 
a _ , 7 - 
’ . { te ; ‘ ™ pe 


}* 


an interview situation was indicatedj at the same time the relationship 


of language, tentative thinking and problem solving could also be 


studied, 


The purpose of this study was to investigate the problem solving 


behavior of 


the kind of 


I. PURPOSE OF THE STUDY 


grade six school children and two seemingly related variables: 


-achievement of the pupils in the study. A secondary purpose was to 


investigate 


the relationship of tentative thinking to both language 


achievement and problem solving, Specifically, the research was 


intended to 


1. 


answer these questions: 


Are there identifiable strategies which children adopt as 
they engage in a search for a problem solution? 


Does an inquiry approach to mathematics teaching have any 
significant effect on the strategies used by students in 
an ‘inquiry! classroom? 


Are high achievers in language more successful in problem 
solving than low achievers? 


Is tentativeness related to successful strategies 
of problem solving or to language achievement? 


Do high achievers on a conventional arithmetic problem test 
exhibit more efficient strategies when attempting to solve 
a "higher-order" problem than do low achievers? 


Are age, sex and intelligence significant factors in 
determining problem solving ability? 


arithmetic program which was being followed and the language 
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II, DEFINITION OF TERMS 


Verbal Problem of Arithmetic, A quantitative situation described 
in words in which a definite question is raised but for which the 
arithmetical operation is not indicated (Spitzer, 1948, p. 209), 

Arithmetic Problem Solving Achievement. In this study, 
arithmetic problem solving achiavement will be defined as a subject's 
score on the Arithmetic Problem Solving Subtest of the Lowa Tests of 

- Basic Skills, 

Higher-Order Problem. A problem which requires the combining of 
two or more previously learned principles or rules to obtain a solution 
to a problem for which an algorithmic solution has not been taught, 

Strategies of Problem Solving. For the purpose of this study, 
the strategies of problem solving will be defined as the process of 
orienting oneself to a problem, predicting or suggesting possible 
solutions and verifying the result, 

Problem Solving Ability. In this study, problem solving ability 
will be defined as the subject's score on the Strategies of Problem 
Solving Test constructed by the investigator, 

anguiry Classroom, A classroom which does ngét use a 'textbook' 
approach to the teaching of arithmetic; where many activities and 
investigations have been set up to encourage pupils to seek and verify 
their own answers to problems of a mathematical nature; where students 


are encouraged to discover mathematical principles and relationships 


by means of a program of planned activities, 


Non~Inguiry Classroom. A classroom in which a conventional 


‘textbook! approach is usedj where students do a series of assigned 
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exercises which are then corrected by the teacher; where the teacher uses 
primarily an expository mode of teaching: i.e, teaches a rule or algo-~ 
rithm and then provides practice in applying the rule; where students 
seldom engage in investigations or mathematical activities of an 
exploratory nature. 

Intelligence, For the purposes of this study, a subject's 
intelligence will be defined as his I. Q. on the Lorge-Thorndike Tests 
Brera tel teeice: It will consist of two separate measures, one verbal 
and one nonverbal. 

tat 2 . <A tendency on the part of an individual to 

conjecture or to predict, followed by efforts to validate predictions 
or to settle conjectures; to reject a previous conclusion or prediction 
when the evidence warrants it; to suspend judgement as the "rightness" 
of a solution until verification of some kind is made, 

Language Achievement, For the purposes of this study, language 
achievement will be defined by a rating on a written assignment together 
with a grade assigned by the language teacher based on the pupil's oral 


and written language competency, 


III, THE HYPOTHESES 
In order to answer the questions posed with regards to the 
effect of an 'inguiry' approach on the problem solving strategies of 
pupils and to investigate the relationship of language achievement, 
of tentativeness and of other variables related to problem solving 
ability, the following null hypotheses were made: 
Hypothesis 1. There is no significant differeace in problem 


sO0lving ability, as measured by the Strategies of Problem Solving 


7 ' 7 a 5) mah ead a af 














ig ! i 


. Fi 7 ] : 7 : a a 
aus xd betpertos aetil exe dotdw neato ail 


=fs to oftx « aotssed Je .t santdokes to ebm \sorredae oe yittait 


rt) , t 
Py & 2 
,__ : 


- » } a 
' ica mf go iTon eh Prony ned? bus mide 
J ait J 8 ‘ io = f x 4 
P b bw B+ ~j ed tan sri sarc asv ae aft eyZane wonton 
. 
. 7 apey + i 
, vissaa i a Ov 2% Pace 
j 
‘ er. Aer 
' ' \ t : : pane Stalls 
(s f £f eon@altilesat 
r jiey * 
[ - 3 - Rdvted tl bie AS. 
< fon eso OGA 
» ‘“ +e - ad 
r - — i ~~ 
; a 4 4 ! VJ { 39, 209 
: t } ‘soo eitvea oF 0 
; = 
abive od? oodw 
\ fOlTBoLI y i : yizuvioa & i0 
on - ‘ -~— 7 
ay : «a i rt 
enjisac? er} 2 vd bBeetiebh ed {Ibe faemevetiss 
' wah é a = : % , + 
; GO Rt 1.8! ; i fia Guar Yo oe i354 VETS SB a? iw 
; ataenmoo auel astiiiuw bas 
- ' t as we 
a * \ - - ~ 
; 
f ‘ ° keer « . =, & - oan 
i> o3 "] , ‘t7tw Besoo anollasw) env. woweit 2? taboo al... 
« - © « bw 4 a" f of ee Pv _— _ - _ . 3 
io E¢ on a , L mY ibs 4 1OTF = i3 i NIHOTWSS Yilupa t , oa to f 


‘ ai 
~ pbttemeveilics ogevete! Ie ghdanotisleq of? stegtiveeval ct bas a Pgag, 


2 


aatv tow meido1g ot bevallen Rhian vaca Scale i¢ bas guewetts 20 } to, 


Test, for students in the Inquiry group and those in the Non-Inquiry 
group, when controlling for age, intelligence and problem solving 


achievement, 

Hypothesis 2. There is no significant difference in problem 
solving ability as measured by the Strategies of Problem Solving Test 
for male and female subjects in the study. 

Hypothesis 3. There is no significant relationship between a 
subject's problem solving ability as measured by the Strategies of 
Problem Solving Test and: 

(a) Language Achievement 

(b) Verbal Intelligence 

(c) Non-Verbal Intelligence 

(ad) Age 

(e) Arithmetic Problem Solving Achievement. 

Hypothesis 4. There is no significant difference between 
subjects classified as tentative and those classified as non-tentative 
tas 

(a) Language Achievement 


(b) Problem Solving Ability. 


IV. DESIGN OF THE STUDY 
The population from which the sample was drawn consisted of 
eight grade six classrooms from the Edmonton Public Schools. Four of 
these classrooms were identified as following an ‘inquiry' approach 
and four as following a 'noneinquiry' approach, The size of each class 
was approximately the same and about the same amount of time was spent 


each day on arithmetic instruction, 
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The sample used in the study consisted of ten subjects randomly 
chosen from each of theeight classrooms in the study: forty subjects 
in the Ragu y group and forty in the NoneInquiry group, 

A Strategies of Problem Solving Test was constructed by the 
investigator and administered during a tapeerecorded interview with 
each of the subjects, The tape recordings were transcribed and a score 
assigned to each subject onthe basis of the strategies used to solve 
the problems, To test the hypotheses the mean gsmore of the Inquiry 
subjects was compared to the mean score of the NoneInquiry group and 
the difference submitted to a eee ier eons test to determine its 
Significance, 

Data related to the remaining hypotheses were collected and 
analyzed statistically, These data included the Arithmetic Problem 
Solving Subtest of the Lowa Tests of Basic Skills; verbal and non= 
verbal intelligence quotients based on the Canadian Lorge Thorndike 
Tests of Intelligence; a language rating based on a written composition 
and on the classroom teacher's evaluation; and a subjective analysis 


of tentativeness during the problem solving sessions, 


V. BASIC ASSUMPTIONS 

The investigation was based upon the following assumptions: 

1. It was assumed that the problems chosen for the Strategies 
of Problem Solving Test would elicit observable problem solving 
behavior on the part of the subjects, 

2, It was assumed that the strategies used by the subjects 
and observed by the investigator were indicative of the problem solving 


ability of the subjects, 
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3. It was further assumed that the investigator could make an 
accurate assessment of the kind of program which obtained in the eight 


classrooms in the study, 


VI, LIMITATIONS 

The study had the following limitations: 

1. Many variables which may affect problem solving, such as 
computational skill, reading comprehension, curiosity, persistence, 
“previous success in problem solving, or attitude towards arithmetic, 
are not controlled in the study, 

2. The results of this study will be applicable only to class- 


rooms which are similar to those used in the investigation. 
VII. SIGNIFICANCE OF THE STUDY 


1, There is a need for an examination of effects of innovative 
practices such as some of those described in the Inquiry classrooms, 
before such innovations are widely adopted, The findings of this 
study may contribute to such an assessment. 

2. The study may have curricular implications for the place of 
verbal problems in an arithmetic program as well as for the kinds of 
problems which may help to foster the growth of problem solving skills, 

3, Researchers in the area of problem solving (Brian, 1966, 
and Kilpatrick, 1969) have indicated that the component behaviors of 
mathematical problem solving can best be measured by oral examination 
and that there is a need for this kind of investigation, The present 
study may contribute to this needed research, 


4, Little is known of the relationship of language and language 


~ 


8 


i center sanangane: wit tact. netenhak read, GARE 





























he olan Divo toteattaeval edt dadt Sendens seijes? saw 32 fi - 
, a. 
idute edd at bentatds ddkdw abryotg to badel wit 2O JaemAeRRs Sr ameD i 


; Ady = 


SNOTTAPINId IV - 


iecotimhimtt pabwoltet add bad yoste eat 


sa tore ,nitvice meidong Joelle yan solew acidatwy yaa .f 
8 
,soaedatereg ,wiiecitrs ,nohanstiengmS yathset ,Litde Leaotéetuqmoo— 


teemitins abvevos shutivts i ,autvinos teldowy oi easoous avolvetg 


42 J 


\wbuss odd ox Seiloeems dom ets) F : 


vino oldmstigga ed [Ltw ybite ety to aifvaet eft «5 


o 
_xotveptieeveat @fs af beau eaba7 ov qatiate ete dold® saoot 
TauTe ARY WO DOWAITAIWDIS . LTV : . oa 
evidavount Yo eige¥ts to ncivenimaxs we sot heen 8 wt eta? of ; 


,amoeomeesin yrtupal wit ot hedrvogeb sacle ke ante, sa. TOoh soo tian ; 


ies 


wind to wanthats sit betiqcvha Ylabiw eis anoltavonat dove etoted 
. toemee onan ae dove od sladiataoo ysa Yhose 

eoetg eff 261 shotvao tiger talvolaiis svaed tan viura sil? — 
ts abmki of? x01. us tlow Ss waTga LS! pd deuls Sus cue at azelderg isdnev 


ellie agivies ucidotq to dowora ot *6¢n01 of qéenl yan dotdy atetdong 

PRL gonad) gitylosaefdew Go sag Bad pt vereripuseqeR of ter 
: ; Rae ] 
05 New 


® Se 9S 


tad yo 


devolopment to the skills and abilities required for successful problem 
solving, Halliday (1969) has suggested that the ability to use 

language to explore and to search for a solution to a problem may involve 
learning a particular use of language, The present study may provide 


direction for further research in this important area of education, 
VIII. ORGANIZATION OF THE REPORT 


In Chapter One the problem has been introduced, Chapter Two 
contains a theoretical discussion of the nature of problem solving, of 
inquiry and discovery learning and of the relationship of language and 
thought in the process of problem solving, followed by a summary of 
the research in the area of problem solving processes and of the factors 
which contribute to the development of problem solving ability, 

Chapter Three describes the design of the study, the procedures which 

were followed in identifying and selecting the sample, the instrumentation 
and the analyses used to test the hypotheses, Chapter Four is devoted 

to a detailed discussion of the Strategies of Problem Solving Test, its 
construction and administration, the rationale for the items chosen 

and the procedures followed, the criteria used for scoring the test 

and the method of establishing the reliability of the scoring. 

Chapter Five contains the data analyses and other findings of the study. 
Finally, Chapter Six presents a summary of the study, the conclusions 

and implications drawn from the findings, as well as some suggestions 


for further research, 
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CHAPTER TWO 
REVIEW OF RELATED LITERATURE AND RESEARCH 


While educators have long recognized the importance of developing 
to the fullest potential the problem solving skills of students, 
enoercn into the phenomenon of problem solving has, for the most part, 
yielded conflicting clmtcnte (Monroe, 1928; Lazerte, 1933; Corle, 1958; 
‘Miller, 1960; Brian, 1966; and Kilpatrick, 1967), In particular, 
such research has failed to shed much light upon the actual processes 
involved in problem solving or upon the best means of fostering the 
growth of problem solving ability in the arithmetic classroom (Kil=- 
patrick, 1969). 

The purpose of this chapter is to consider literature related 
to problem solving, to discovery teaching and to the role of language 
in tentative thinking and in problem solving. The first section of 
the chapter contains a theoretical discussion of the nature of problem 
solving and its relationship to the verbal problem of arithmetic. The 
second part examines the literature on discovery (inquiry) teaching 
and learning, The third discusses the relationship of language and 
thought in the development of problem solving skills. The fourth 
section contains a review of related research, Finally, there is a 
summary of the factors which seem to affect the development of problem 


solving ability. 


‘ v 
nee oo So) hae 


vomaseae Gis SAORAGNT IS GeMAtET Ao mar 





antgofeveb to soaadangat oft béariraoves atol eval stodagube offi 

~atnebute to allria gnivics melco7g ett: iattaetog seoilg? edd of : 

(ftaa taou edd tot ean antvios a to nonémosedg sat ofnt dotASssT ) 
620i ,eisod ;ttel ,etreaal ;8Ser ecm) eichet anttotitnwes beblely 
asiubtiwes al ,(7aeL lottteg ER bom peers ,sorea posed , reli iM 
aspasvo1y Iavtoe ef? mnogu Ingif coum Sede of Seltet aac dopsae: dove 
ots gabasisc? to eneam teed sit aogn to guivios msidoxq ab SevLovat 
=(ER) mootssefo otremitixve eft ol yotites anivion meidenrg to diwosg 
(PRL piodntag 

bavalet exrdexettt tebitanos co ef tTeTysids aldd lo saogisg ecf 

eusumnal to efor eid of bas antdoast exovossth oF qgantrics seldoug 6? 
to notisee gattt etl .antvics aeidatg ai om antintas ev ited aet a 
wetdoig 20 asides ett to Hotesvoath Laotienmeis « antedsoo tetqeds et 
out sitemittiue 10 mofdotq Lsdiav sn? 0) gidgaaoiialet agt hoe yatviosa 

atinness (yxrtupal) YIeVGoSLS uo erufeterif edd seninaze tteq Dacoes - 

hoe epeianst Yo induottaces ait esagvonly babis on .gpabsriedt, Sas a 


ddavot ed?  alltds aatyicd maldouy. to Paemeotsyeh edt at ¢agodt 


ast vedi ,yllenta .doudsse1 Ovisiot to welver & anlazooo motsoes, : 
; ‘Qe tasugoleveb edd Tyetts 07 mote Koln arhotos® ‘ede to. 


ian . — 


— 





Als 


I, PROBLEM SOLVING AND THE VERBAL PROBLEM OF ARITHMETIC 


What is Problem Solving? 





Half a century of research on problem solving has failed to 
produce a more acceptable definition of the phenomenon known as problem 
solving than the interpretation by Dewey (1933) of the act of reflective 
thinking, which he described as occurring in five phases: 

1, There is a problem=presenting situation, or dissatisfaction, 
which occurs when an individual is in a situation in which his previous 
knowledge does not give him a satisfactory answer, 

2, There is an analysis or examination within the mind of the 
individual, or intellectualization, of the situation in which there is 
dissatisfaction, 

3, A search is conducted for tentative or guiding hypotheses 
which will remove the dissatisfaction, 

4, The fourth phase is deduction: the elaboration of the 
hypotheses by reasoning or prediction of outcomes so that one of the 
hypotheses may be selected, 

5. The final phase is that of action on the basis of the 
particular hypothesis selected in step four, thereby providing for the 
removal of the dissatisfaction (pp. 106-115) 

It is obvious from Dewey's interpretation that problem solving 
is a highly personal activity for, as Cronbach (1948) pointed out, 

"it is not the question that makes the problem, but rather the person's 
accepting it as something he must try to solve (p. 34),." 
Most of the definitions of problem solving since 193% are 


essentially a re-wording or reorganization of the one given by Dewey. 


Although Polya (1957) uses only four phases to describe a problem 
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solving encounter, the similarity to Dewey is unmistakable, According 


to Polya, an individual tries to understand the problem, devises a 
plan for connecting the given with the unknown, carries out the plan, 
and then examines the solution to see if the result is verifiable (p,xvi). 


In 1953 Henderson and Pingry listed the conditions for problem 
solving whereby an individual becomes aware of a problem for which he 
desires to obtain a solution, identifies various hypotheses and then 
tests these for feasibility. 

Kilpatrick (1967) expressed the belief that all learning is 
essentially problem solving. Gagné (1964, 1967), on the other hand, 
sees many simpler types of learning which must take place prior to the 
occurrence of problem solving which is the highest form of learning; 
i.e. "a set of events which must have been preceded by learning (1964, 
pemeg3ye!! 

Gagné's idea that problem solving operates on previous learnings 
is consistent with Duncker's theory of a "search model” which bridges 
the gap between what is given and what is required and serves to 
direct the individual's thinking. 

His region of search consists of the mathematical concepts 

and generalizations he has learned, These are appraised and 
selected in terms of their usefulness ... If they provide 
any hunches or suggestions for plans of procedure, the plans 
are tested to see whether they provide a solution to the 
problem (in Henderson and Pingry, 1953, p. 240), 

Duncker also noted that the production and retention of thought 
material, an integral part of all problem solving, seemed to be 
dependent upon the individual's immediate memory span, Some indi~ 


viduals, he observed, failed to make use of their previous learnings 


and experienced difficulty in remembering the unsuccessful things they 
















= ' _ 
i a 
; ‘ 
~ Si : D a} . nay, = - 
. owe antvioa 
idatmuty at Yewsd of yo tosiimte oat scot md ‘3a 
ac¢thtcocA ,sidsaAJaiany et yewse o¢ iimeliete s t 
-~ Dae iil - 
‘dow ad? beeterebae of eatat Deuh2 wt hy ciot 
s neatvSd ,ceicotd Sh Lees a! 
x fs 
7 s 7 } -* 4 2iistO 
=a @2Fttad ft p grat rcs siv’ os iw nev LA oie pais 9eR20 2 x08 male 
. _ i » sd — & 4 . 
, t 
bis 7 al a8 cé a 
itn if een oF aotiai ait semimerxe aeadd 5 
» ‘ ; iY ic a pi 
— val zseaCr « 
4 ) ; ; 7 bo 44 Ta [6m CexXys nae 
t 
P i ubivibnut ss yootom 3akv ios 
ef Ao TOT ; = , 2 
. 
a ’ 
abt on » nbstdo 6F aettseh 
9 i 4 } f . P bd A 
3 a <a" esed? aseael -_ 
aes a (tAct) Aclttay lea 
—_ 4~)~ 4 > 
‘Banat na meidong _fietinvese 
, : of ‘unt H , 4c) soivica meicox efrines 
ears J abiv » ASF {32a oe - . a 6 
a5 ofuiy.3 ae eg iv tolunla Yoem eess 
| > om“ - rs ee er ‘550 
: J LVIOGS Bes { rae =e ty Co Bore 
a 7 7? 
Yoo * itt {¥ 3 if ‘~ > > “ - S an Mek 
t 
°.™ 
w. (€eS Pf 
' ms = as . 
oa a g #92 a VOY 
o ail , » 
'faherm : < toed) slivfexoaul daccw oaed altanos el 
E \ ovis al tedw neowted qag edt 
, . oe - ‘ ~ i a) 
‘ t 
eo. | (Te i hb «? edt toa tb 
Ba yee FRURS a 
, . » » fT 
etd R , . ajateahoos oteps” Eyet ait 
2 j ; 3 
pi snedl .beawaei ead ot anotiantiezeqes bas 
yong \Pr sr . , Baoesibteas tied¢ to amced af betoeioa 
. : a. > . 
: sestag ait ,etwlescie to. anelg tot anotysesges I seneaen Yas 
’ { t ion OF ba? + T 
3 : rofivioa so Ssbhbivorg yorlt =4atGRK Son OF Hovese s 
(OoS <a ,2eCL ,vteako pate adetobaeH ot) mefdo 












tidagods te titinedes bas hottouuoxc es tant Guten oats tedanud 
tn : > 
#6 oF Eomses (aaty les Bolder ee jan fata evar mm «fat 
— ae 








— 

















rage YIDwe ohdeuaes a? fe hs kes 


thes tO: 


a) 
had done in trying to solve the problem (p, 241), 

For Bruner (1966) problem solving depends largely upon how an 
individual processes (acquires, retains and utilizes) the information 
which is available to him, Bruner concludes that, since problem solving 
is dependent upon the exploration of alternatives, instruction should 
facilitate and regulate this exploratory activity on the part of the 
learner (p. 43). 

Regardless of whose definition of problem solving one chooses to 
consider, it is agreed that problem solving is both a legitimate concern 


of education in general and of mathematics education in particular. 


The Verbal Problem of Arithmetic. 

Many authors (Van Engen, 1963; Herlihy, 1964; Spitzer, 1967) 
have recommended the use of word problems in arithmetic for the 
improvement of problem solving skills. Others, such as Dewey (1938), 
have spoken rather scornfully of the role of verbal problems of 
arithmetic, "A problem is not a task to be performed like a socalled 
arithmetic ‘problem! in school (p. 108)," 

Morton (1938) stated that the operations of addition, subtraction, 
multiplication and division, should only be taught as a means to an end; 
the end being the ability to solve problems (p. 454). By 1963 the 
role assigned to word problems in the arithmetic program had been 
completely reversed, The proper role of verbal problems, according 
to Van Engen (1963), was to provide a meaningful physical setting, "for 
the building of the concepts of an operation (p. 5)." 

Obviously some of the verbal problems found in arithmetic text» 


books would not qualify as 'true' problems in the sense of Dewey's 
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14 
phases of reflective thought or of Gagné's "higher-order learning," 


Henderson and Pingry (1953) pointed out that textbook exercises can 
only be considered "problems" if the student accepts them as his own and 
their solution becomes his own personal goal (p, 231), 

Some authors, however, feel that there is a further condition 
required for a textbook problem to become the focus of real problem 
solving activity, The stipulation is that the individual does not 
possess a habitual, ready-made, response by which the solution may be 
attained, "If a pupil produces an appropriate response from habit, 
or sees no relationships in the conditions, there is no problem for 
him (Herliby, 1964, »,. 508).." 

The kind of problems which should be posed in an arithmetic 
classroom has also been discussed recently, Avital and Shettleworth 
(1968) recommend the use of "higher-order" problems, An essential 
characteristic of this type of problem is that it require the non-~ 
routine manipulation of previously learned material and the discovery 
of relationships among previously unrelated concepts and propositions 
(rial 9). 

In summary, we may conclude that problem solving involves some 
form of reflective thought, a felt need and an element of uncertainty, 
the formulation of hypotheses and the selection of an appropriate 
response chosen on the basis of deductive reasoning or empirical 
evidence, and some form of action based on that choice, It may also 
involve the application of previously learned concepts to a new situ- 
ation in such a way that a new rule or principle is learned, It is 
only when textbook problems of arithmetic meet some or all of these 


conditions and elicit from students some form of non-habitual, choice- 
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making behavior, that such problems can be considered as contributing 

to the growth of problem-solving ability. It follows that the usual 
tests of arithmetic problem solving, ordinarily used in the elementary 
classroom to measure achievement in problem solving, cannot be considered 
a reliable indication of a student!s capacity to apply previous learnings 
to eM eee es net This conclusion has important implications for the 


design of the present study. 
II. THEORIES OF INQUIRY AND DISCOVERY LEARNING 


Discovery teaching, or the inquiry method, has been widely 
recommended to teachers, particularly of science or mathematics, for 
well over a decade (Swenson, 1954; Bruner, 1961; Kersh, 1964; Suchman, 
1966). The merit of this method seems to lie in the belief that it 
is natural for children to inquire, and that when they are engaged in 
inquiry they are learning strategies which will guide their thinking 
and make them want to learn all through life. 

Kersh (1964) distinguished among “independent! discovery, 
"“suided" discovery and "directed" learning. He believes that the benefit 
to be derived from learning by discovery comes from the fact that the 
learner may engage in greater amounts of practice in employing problem 
solving strategies and in making applications than he would by some 
other teaching~learning process, Independent discovery, claims Kersh, 
has a "mystical" motivating power that is unique to discovery learning. 
Guided discovery, however, is necessary to exercise and reinforce the 
learner in "searching" behavior: strategies of problem solving, 
divergent as opposed to convergent thinking, and flexibility (peceso)y 


Much of the impetus for inquiry learning has come indirectly 
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16 
from the developmental psychology of Piaget and his concept of 
equilibration: i.e, the child assimilates cues from his environment 
and accommodates his existing mental structures accordingly. At the 
Cornell Conference in 1964, Piaget was quoted as saying: 

The accent must be on auto=regulation, on active assimilation 
= the accent must be on the activity of the subject. Failing 
this there is no possible didactic or pedagogy which significantly 
transforms the subject (Ripple and Rockcastle, 1964). 
The following statements, made at the same conference, have also 
been attributed to Piaget: 
The goal in education is not to increase the amount of knowledge, 
but to create the possibilities for a child to invent and discover. 
- « « Teaching means creating situations where structures can be 
discovered; it does not mean transmitting structures which may be 
assimilated at nothing other than a verbal level . ... A teacher 
would do better not to correct a child's schema, but to provide 
situations so he will correct himself (Duckworth, 1964, p. 3-4). 
One of the problems, it appears, with discovery or inquiry 
learning, is that there are so many different interpretations of how 
it should be carried on in the classroom, Henderson (1957) gave this 
formula for using the discovery methodi 
1. The teacher has in mind a generalization he wants his students 
to learn, 
2. The teacher selects instances of the generalization for study. 
3. The teacher directs the pupils' thinking relative to the 
instances by suggestions and questions, 
4, The teacher educes, if possible, the statement of the genera» 


lization from the student (p. 288). 
Obviously, Henderson has described the inductive method of instruction 
which most teachers use at least some of the time and which Kersh might 
Cadel “'‘cuided"') discovery. 
Suchman (1964, 1966) has given a rather precise procedure for 
what he calls an “inquiry session," usually in the context of a science 
lesson. He also outlines three conditions which he states are necessary 


for inquiry to occur in classroom settings, These are: (1) a focus 
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for attention; (2) freedom to reach out for data; and (3) a responsive 
environment (1964, p. 105=106), 

While Suchman's description of discovery is probably closer to 
Kersh (1964) and to Piagetian psychology than that of Henderson, the 
activity methodology described by Davis (1964) and Biggs and MacLean 
(1969) might be more representative of Kersh! s “Nindependent" discovery. 
In mathematics particularly, the activity or inquiry method of teaching 
has come to mean allowing children the freedom to explore mathematical 
ideas and to discover patterns and relationships for themselves, 

Davis (1964) describes two types of student activities which 
are useful in helping children to inquires those in which they gain 
experience by doifig something ~ such as guessing the size of an angle 
and checking their guesses by measurement; and those in which a group 
of children pursue a seminar=type discussion, unobtrusively guided by 
a teacher, Davis reports that these informal exploratory experiences 
are characterized by lively student participation, a relative absence 
of exposition by the teacher, a relatively nonwauthoritarian tone, 
an absence of external rewards and an unusually low anxiety level (p. 135), 

While Bruner (1961) and others have suggested that education may 
be on the "threshold of a renaissance" because Of the increased use of 
the discovery method, not all are in agreement. Cronbach (1966), in 
a critical appraisal of learning by discovery, cited the need to study 
the fiveefold interaction among subject matter, instructional type, 
timing, type of pupil, and desired outcomes, He suggests that discovery 
teaching might not be the best method to use with all pupils all of the 
CAMs 


In agreement with this view is another critic of the current 











Lp : i _ 
evieaoyeex s (2) bus patab rot duo. doaet oF sobers? (8) inoiteotts a6% 


 (20mMa0r «a ,#00D) taoninontyne : 


of rénolo yidsdow. al yrevossth to doiyghisesd alhdmdond oftaw 


. 


ad? ,aoetebcexd to jait sed? vaclodeyac aalsegarg oz hie (A005) dered 


aaedoaM bus epath boa (Adel) atved yw gud trowet ysolonodtem ¢vtyv.ttos 7 k 
; 
wreroonts "“dnebaeqebat” aldiated. - 40 svitatusserzeat erom ef Jipia (e3er) | 
auttiones to Sordem yxtvprt xo yiivitvoa eA? 4Yiceltoteradg sottusiedtam al : 
[nottamedian stoldxe of mohset? sd? aeth i ids saiwolis naem 92 saioo aa ; 
eevieamedd tot agidaaotvaiet Son eftuettaq zevozeto os cits asebs 
fisinw aeivivizos Ynebuse Yo aegis OW: aeitroneb (As0L) atvad 
ibaa ved? noziw wt eson/ ex woet oF #ethitde gaiaqtent at {vteay sis 
[alist ) onte sKY saatdeens wa dive — patdveme Beiee te sonehteqxe 
quoze a dotdw at seodt baer ;Jnowerimsen Vo peanety ched2 satiseda bas 
ebivus yLlovietrcsd< JAgtialeet) srys—matnes 2 syetig cemiide te 
sennetisqxs Violsioiges Lerrolar shend Tandy ertoges cived ,tedoaes a 
Soneuds svitalet 2 ,wortisatolsisg teebude YievEr Ye Leotwedoaneds rm 
,enot debreattodsveecos yleyivalet se ,redoss? eft yo aoltisogte to 
; : 
CREEL st) Level vtetvas wol vileweenu ap Dee shies lamreyee te eonends os a 
a 
yet notvsowbe tad? botacyave overt axetito bax (2805) teawsd ofkdW me 
’ 7 
7 


30 gay Deass oat gio 10 ehiAosd \"estssatedet a to biedeeudd” edd go od ne 


aa giioer) dsadnos) «.Jaemeotys ot eis Div soa .Sontem etevovatp ens at. 


OR 5 AM NRE 


- 7m 
7 


18 
"discovery" trend. Ausubel (1964) has made these statements with regard 
to discovery 

1, Learning by discovery has its place among the repertoire 
of accepted techniques available to teachers but it should not be 
considered a panacea; hence it is not a question of whether it should 
be used in the classroom, but rather for what purposes and under what 
conditions, 

2, All problem solving and laboratory experience is not 
necessarily meaningful, 

3, The discovery method has the psychological limitation that 
it is generally inappropriate for teaching subject matter content, 
except when pupils are in the concrete stage of compitive development. 

4, Students who possess a sound meaningful grasp of rudiments 
of a discipline like mathematics, can be taught this subject meaning~ 
fully and with maximal efficiency, through the method of verbal 
exposition, supplemented by appropriate problem solving experience, 

5. Simply on a time=cost basis, if secondaryeschool and uni« 
versity students were obliged to discover for themselves every concept 
and principle in the syllabus, they would never get much beyond the 
rudiments of any discipline (pp. 231260). 

As critical as Ausubel seems to be of the trend towards 
discovery methodology, he does however admit that it is "indispensable 
for teaching scientific method and effective problem solving skills (p. 
230) ." 

In this section we have examined various interpretations of the 


theory of discovery, inquiry or activity learning, While some authors 


have recommended a complete acceptance of these methodologies, and along 
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with them sweeping changes in school organization and curriculum, others 
have grave reservations. All seem to agree however, that discovery and 
inquiry are necessary for the development of problem solving ability 
and that discovery teaching is particularly appropriate when children 


are in the stage of concrete operations, 
III, THE ROLE OF LANGUAGE IN PROBLEM SOLVING 


Many studies have pointed to the fact that verbal facility plays 
an important part in the process of problem solving, particularly those 
verbal skills related to the formulation of hypotheses, Martin (1963) 
reports a study which provides evidence of the extent to which the 
higher-order verbal processes, as measured by tests of reading 
comprehension and of abstract verbal ability, are important in 
determining success in arithmetic problem solving. 

A basic facility in arithmetic computation is necessary in 
problem solving, but when computational steps are placed in a 
verbal context certain additional complex abilities are required. 
Moreover, this appears to be more than skill in reading per 
pe (p. 4548). 

It does not appear that studies have been made to examine how 

the ability to use language, as distinct from ability to read, might 

be related to ability to solve problems, in particular mathematical 
problems, And yet, the relationship of language and thought, especially 
in the cognitive development of children, has received its share of 
attention in the literature. 

Piaget (1926) sees thought as developing from non-verbal, 
autistic thought, through egocentric thought and speech, to socialized 


speech which becomes internalized and leads eventually to logical 


thinking. He looks at the relationship between language and thought 
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in terms of concrete operations and decides that, while language cannot 
account for the formation of these operations, "language indefinitely 
extends their power (1967, p, 93)." 
- - » the more the structures of thought are refined, the more 
language is necessary for the achievement of this elaboration, 
Language is thus a necessary but not a sufficient condition for 
the construction of logical operations (p. 98), 

Language development, for Piaget, is a social process achieved 

through social cooperation and is necessary for the development of 
- logical thinking and for problem solving, 

Out of objectively conducted discussions emerges internalized 
discussions, or deliberation and reflection, Children learn that 
there is a morality of thinking: i.e, there are certain rules to 
be followed. Some of them relate to the avoidamce of contraw 
diction, the need for proof, and the obligation to keep constant 
the meanings of words. As does operational thought, social co= 
Operation involves systems of operations and is a strong force 
in the development of logical operations (1960, p. 166). 

Vygotsky (1962) assigns an important role to egocentric speech 
in the child, He believes that it becomes internalized in the form 
of verbal thought and that it "increasingly serve#@ problem solving 
and planning as the child's activities grow more complex (p. 16)," 

He agrees with Piaget that the child masters the syntax of speech 
before he masters syntax of thought: 

Piaget's studies proved that grammar develops before logic and 


that the child learns relatively late the mental operations 
corresponding to the verbal forms he has been using for a long 


time (p. 46). 


Elkind (1967) makes a distinction between thought and language: 
thought originates with the child as it is the result of his activity; 
language is derived from imitations of patterns provided by others, 
However, "once language appears, it is in constant interaction with 


thought , .. ." He concludes that, with the aid of language, thought 
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can do much more than it would otherwise be capable of doing (p. xvi), 
Bruner (1958) also attributes an important role to language in 
information=processing which he believes is basic to concept formation 
and to problem=solving. 

Words tend to direct attention to the attributes they signify. 

If there are no appropriate words, then there is a tendency to 

fail to perceive cues that could have status as attributes (p. 40). 
Bruner's (1966) theory of instruction emphasizes the importance of 
language development in the process of education: 

If there is not a developed awareness of the different functions 
that language serves, the resulting affliction will be not only 
lopsided speaking and writing but a lopsided mind, . . the afflicted 
person will be restricted in his coping (p. 109). 

The idea that deficiency in the use of language is usually 

accompanied by deficiency in thought has been expressed by several 

other authors, Loban (1963) suggested that there might be a relationship 
between tentative thought and language achievement in elementary school 
children. He reported that those subjects who had the greatest power 
over language, "by every measure that could be applied," consistently 
used language to express tentativeness; supposition, hypotheses and 
conditional statements, verbal skills essential to the process of 

problem solving, occurred much less frequently in the language of 
subjects lacking skill in language. 


{ 


The child with less power over language appears to be less 
flexible in his thinking, is not often capable of seeing more 
than one alternative, and apparently summons up all his linguistic 
resources merely to make a flat dogmatic statement (p. 54). 
He concluded that the expression of tentativeness appeared to be a 
function of language "which distinguished effective and ineffective 
users of language (p. 53)." 


One obvious difficulty in testing Loban's hypothesis is that 
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the evidence of tentativeness on the part of a subject would most likely 
be governed largely by the stimulus situation: i.e. the manner in which 
the language sample to be examined was gathered would probably determine 
whether a subject would use conditionals and suppositions. There would 
also be the real difficulty of distinguishing between indecision or 
uncertainty expressed by tentative statements such as "it might" or 
"maybe" and real tentative thinking such as that encountered in the 
formulation and testing of hypotheses, 

Loban's findings do, however, seem to be consistent with 
Bernstein's (1967) theory that children from a low socioeconomic 
background operate linguistically within a restricted verbal planning 
function and have few strategies available to them to generalize or 
to order a verbally=presented arithmetic problem, Bernstein suggests 
that such a child would frequently use statements in which reason and 
conclusion are confounded to produce a categoric statement (p. 94). 
Bernstein's restricted language users and Loban's low language achievers 
seem to display a low tolerance of ambiguity and a certain inability to 
suspend judgment, Both of these characteristics, however, would 
appear to be essential to tentative thought and consequently to 
efficient problem solving, 

The work of Tate and Stanier (1964) points to a relationship 
between the ability to tolerate ambiguity and success in problem solving. 
They reported that poor problem solvers, when they did not know a correct 
answer to a problem and were faced with responding true, false, or not 
enough facts, bended! to reject the last choice and to answer either 
true or false, Good problem solvers, on the other hand, seemed to be 


able to accept the fact of not knowing for sure and to choose the 
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the response "not enough facts" if they were uncertain about a correct 
answer, 

Halliday (1969) agrees that education needs to develop in 
children an awareness of the differenct functions that language 
serves, He suggests that the child who operates linguistically within 
a "restricted code" may be deficient in the range of uses which he 
perceives for language, in particular the heuristic function of 
language: i.e. the use of language to explore or the function of "tell 
“me why." He concludes that, in order to be taught successfully, it is 
necessary to know how to use language to learn and to "participate as 
an individual in the learning situation (p. 35)." 

In summary, it seems that while language cannot be said to 
determine the child's experience, it certainly serves a mediating 
function in determining the individual's cognitive processes, the 
development of logical thinking, and the ability to engage in problem 
solving. It appears entirely possible that while the components of 
tentative thinking = the formulating of hypotheses, predicting and 
validating, being prepared to reject one alternative and search for 
another - are skills which are required for "highereorder" problem 
solving, these may not be within the grasp of the child who is deficient 


or restricted in the uses he perceives of language. 


IV. RELATED RESEARCH 


The Processes of Problem Solving 
Attempts to analyze the processes used by individuals as they 
engage in solving a problem are by no means a recent development. 


Monroe (1928) surveyed over 9,000 students in grades six, seven and 
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eight to examine their approaches to the solution of verbal problems of 
arithmetic, He summarized his findings as follows: 

Although the data of this investigation are not entirely 
consistent, they appear to substantiate the conclusion that a 
large per cent of seventh=grade pupils do not reason in attempting 
to solve arithmetic problems, Relatively few pupils follow formal 
analysis procedures, Instead, many of them appear to perform 
almost random calculations upon the numbers given. When they do 
solve a problem correctly, the response seems to be determined 
largely by habit. If the problem is stated in the terminology with 
which they are familiar and'if there are’no irrelevant data, their 
response is likely to be correct, On the other hand, if the 
problem is expressed in unfamiliar terminology, or if it is a 'new' 
one, relatively few pupils appear to attempt to reason, They 
either do not attempt to solve it or else give an incorrect 
pollution (pe 19). 

It would be reasonable to conclude that many of Monroe's subjects 
were not really engaged in problem solving, at least not in the sense 
of the process of problem solving as defined by Henderson and Pingry 
(19535) . 

Lazerte (19433) investigated the mental processes of pupils from 
grades two to seven as they attempted to solve problems in arithmetic, 
He used a rather ingenious method, called the Envelope Test, involving 
a sequence of choices of alternatives made by a subject in the course 
of trying to solve a problem, Some of his findings indicated that: 

(1) there is much trial and error procedure in problem solving whenever 
the problem is relatively difficult; (2) pupils vary greatly in the 
flexibility of their methods and in the amount of experimentation in 
which they engage; (3) pupils who are deficient in reading ability are. 
handicapped in problem solving; and (4) problem solving ability depends 
upon many factors (pp. 123=126). 


While several psychologists have devised techniques for 


studying problem solving in the laboratory, Duncker (in Henderson and 
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Pingry, 1953) was one of the few who used the "thinking-aloud" technique 
to study how complex mathematical problems are solved, He confirmed the 
effect of set on the process of problem solving, noting that it affected 
the search model, narrowed the range of the search, inhibited the percep- 
tion of certain relationships and blocked the formulation of certain 
hypotheses, with the result that not all relevant thought material was 
made available (p. 243). 

Corle (1958) studied the thought processes of sixth-grade 
‘students while sOlving arithmetic problems and attempted to determine the 
importance of several factors: methods of reasoning, confidence, and an 
understanding of vocabulary, Making use of the individual interview 
technique, Corle had seventy-four pupils solve eight problems, The 
following implications were drawn from his findings: 

1. <A pupil's idea of what a problem means is important to him. ... 
2, Word and number clues served as the predominant method of attack, 
More than five out of six problems were approached in this manner, 
3. Pupils tend to be overconfident anout their arithmetical success, 
This undue assurance indicates over=dependence upon computation 
as a tool for problem solving, 
4, Understanding the terms used in arithmetic is a definite factor 
in problem solving efficiency. ». . « 


5. The greatest number of incorrect solutions occurred in problems 
where the method of solution was not apparent, but was dependent 


upon deductions based on experiences with the idea, ... 
6, The real reasons for missing most of the problems were not 
computational ones, (p. 203) 

Using the same interview technique, Miller (1960) analyzed the 
thinking of sixth-grade pupils in regard to their solution of seven 
verbal problems, He found that overt analytical responses seemed to be 
more closely associated with correct solutions than were overt computa~ 


tional responses, 


An investigation by Brian (1966) led him to identify four 
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processes of mathematical problem solving: (1) the constructing of models 
(diagrams, etc.); (2) the process of conjecturing; (3) the settling of 
conjectures as either true or false; and (4) using or applying known 

or given axioms or theorems or algorisms to solve problems, 

Believing that traditional programs in mathematics are designed 
primarily towards having learners acquire the fourth process, Brian 
designed a four-week treatment for college students to encourage the 
use Of the first three processes, The treatment involved the use of 
Coen flow diagrams = a conjecture search loop and a conjecture 
verification loop, Results suggested that the subjects did acquire 
some process behavior they had not previously possessed, particularly 
with respect to the process of settling conjectures, which showed 
statistically significant gains. Brian concluded that instructional 
programs could be designed to assist students to acquire these processes 
and that guessing and intuition can play important roles in problem 
solving when a known method of approach is not readily available. 

In 1967, Gorman wrote a comprehensive critical analysis of 
research on written problems in elementary school mathematics in which 
he examined 293 studies on problem solving, rejecting all but thirty- 
seven of them on the basis of poor internal or external validity. He 
reported many conflicting results, even among the accepted studies, 
which led him to conclude that methods used by students to solve 
problems needed additional analysis with a focus on the thinking 
process during the solution of verbal problems. In particular, the 


“manner in which one can monitor the process of thinking during problem 


solving is in need of additional exploration (p. 277)." 
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Kilpatrick (1967) expressed the opinion that the "thinking aloud" 
technique was the best one available at present for getting a subject 
to produce sequentially=linked, and at the same time observable, 
behavior as he engages in problem solving. He is also convinced that 
such analyses of behavior in connection with classroom problems of 
arithmetic are urgently needed at the present time, 

To make our knowledge of problem solving behavior relevant to 

education, we must eventually study how students solve problems 

of the sort they meet in the classroom, If at present there are 
too many uncontrollable and even unknown sources of variation for 
careful experimental studies, we should at least attempt analyses 
of behavior, Such analyses, though they run a high risk of pro- 
ducing little immediate payoff, are necessary for directing future 
experimentation (p. 2). 

Kilpatrick pointed out that whereas introspection and retro= 
spection, sometimes used in analysing behavior during problem solving, 
require an analysis of the composition of thought, thinking aloud 
requires only that the subject give an account of the activity of his 
thought, That is, "he reports mental acts rather than analyzing 
mental states (p, 7)."' A further advantage of thinking aloud as a 
technique for investigating the processes of problem solving is that 
it permits lengthy observations and the use of subjects without special 
training. They do not have to think aloud and observe themselves thinking 
at the same time, 

On the other hand, Kilpatrick recognized that the method has its 
disadvantages. Thinking out loud may inhibit speech or else it may be 
so rapid and erratic that speech cannot follow it or state it precisely. 
It is also possible that subjects may remain silent just when their 


thought seems to be most active, requiring the examiner to engage in 


a certain amount of inference from behavior that is noneverbal, A 
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more serious limitation is the possibility that a subject may go about 
solving a problem differently when asked to vocalize his thoughts than 
he does when left to work at it silently. Several studies (Hafner, 1957; 
Gagne and Smith, 1962; Roth, 1966) af the effects of overt verbalization 
on problem solving have found no significant differences on correct 
eaateions, solution time, or modes of inquiry between subjects required 
to think aloud and those who were permitted to remain silent. Kilpatrick 
concluded that the risk has to be taken if we are to increase our 
knowledge of how children solve problems, Consequently he carried out 
an investigation based on the technique, 

Fiftywsix subjects, girls and boys, above average in intelligence 
and who had just completed the eighth grade, were asked by Kilpatrick 
to think aloud as they attempted to solve a battery of mathematical 
problems, Their tape-recorded protocols were examined for modes of 
preparation, production and evaluation, and regularities and similarities 
noted, The subjects were then divided into groups characterized by 
similar methods of approach and compared on various measures, Although 
the use of trial and error was widespread, successive approximation 
was much less frequently found, Both techniques, however, were related 
to successful problem solving, 

Kilpatrick reported that there was a tendency for more boys 
than girls to use a trial and error approach and for more girls than 
boys to use equations, This result may however be attributed, in part 
at least, to the fact that a preponderance of girls in the sample came 


from the one classroom where the teacher had taught her class some 


algebra. This last finding led Kilpatrick to suggest that the sources 
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of difference in problem solving mode may be traced to one of the 
important neglected variables in his study, namely, "what goes on 
in the classroom (p. 96)." Gorman (1967) had also suggested that 
one important reason why methods research has been unsuccessful might 
be because "teacher influence" is largely neglected in research 
design. 

The results of Kilpatrick's study appear to support several 
assumptions with regard to problem solving and its investigation in the 
classroom upon which the present study is largely based: (1) problems 
from the classroom are capable of investigation on their own terms; 

(2) knowledge of problem solving will be enhanced as we learn more 
about stable individual approaches to problems; and (43) the analysis 
of problem solving behavior is fully as worthwhile as its manipulation 
rote Pie 

Methods of Improving Problem Solving 

Although the improvement of verbal problem solving in arithmetic 
has been the goal of numerous research workers for almost half a century, 
success in such endeavors has, for the most part, been open to question 
(Gorman, 1967). In 1924, Stevenson reported that: 

It has been shown that pupils' ability to solve problems can be 
increased materially by consciously following several different 
methods of instruction, More detailed research should be undere 
taken to show how much time and effort, if any, should be expended 
in giving pupils a method of attacking problems, in training them 
to estimate answers, in assisting them to understand technical 
words, and other phases of instruction (p. 270) s 

In 1944, however, Johnson reviewed the literature on problem 
solving in arithmetic and concluded that research had not shown that 


"teaching a method of problem solving improves ability to solve 
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More recently, Pace (1960) attempted to determine the effect of 
understanding of the processes of problem solving upon problem solving 
ability. Two groups solved twenty-four specially prepared problem 
sets over an eighteweek period with only one of the groups engaging in 
class discussions of the "howd' and "whys" of the solutions. Using two 
different forms of the Arithmetic Reasoning Test of the Stanford 
Achievement Battery for the pre-test and post-test, Pace found that the 
nonediscussion group made negligible gains, while the discussion group 
| made statistically significant gains. She made three suggestions for 
the improvement of problem solving: (1) provide the children with 
opportunities to solve many problems; (2) encourage the use of multiple 
solutions of problems; and (3) provide for the development of the 
understanding of the four fundamental processes of arithmetic. 

Riedesel (1964) studied the effect on problem solving ability 
of providing practice in solving problems which are appropriate in level 
of difficulty for each pupil in a class. Although his results show 
significant gains for the experimental group, they are clouded by the 
fact that in addition to providing for two levels of difficulty he 
also imposed specific techniques for assisting students to solve the 
problems. It is difficult to determine which of the two variables was 
responsible for the improvement, the appropriate level of difficulty, or 
the specific techniques, 

Post (1968) studied the effects of the presentation of a 
structure for problem solving upon success in problem solving in grade 
seven mathematics, He concluded that: (1) special study of problem 
solving appears not to enhance problem solving ability; (2) intelligence 


is a significant factor in the determination of problem solving ability; 
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(3) creativity is not a significant factor; and (4) there are no 
significant sex differences in problem solving ability. 

While the inquiry or discovery method of teaching is claimed to 
assist the development of problem solving ability, there exists little 
actual research to support the claim, Most of the literature on 
activity or discovery learning can be characterized as theoretical 
discussions or descriptions of developmental efforts (Kieren, 1969). 
Studies which have been made, however, have yielded conflicting 
esti ts such as those reported by Scandura (1968) when he attempted to 
identify the relative value of the hypothetical (discovery) mode and 
the expository (direct) mode of problem=solwing instruction, 

Wills (1967) investigated the effect of learning by discovery 
on the transfer of problem solving ability. He found that the 
experimental groups doubled their preetest performance whereas a 
control group who did not receive instruction in looking for patterns 
which helped them to discover a generalization, made only minor gains, 
The scope of his experiment was limited by the fact that the instructional 


materials designed to guide subjects in discovering a generalization 


were Only used by the experimental group for a two-week period, 

Larson (1964) investigated the strategies of inquiry of 
four groups of fifthe=grade students, Of the two groups classified as 
experimental, one had had experience in classroom inquiry over a two= 
year period, the other for only one year, but with the same teacher. 
The groups were roughly comparable in intelligence, distribution of sex, 
and age, Each child in the sample was given four problems consecutively 
in an interview=type situation, Two problems characteristic of Piaget's 


studies of logical thinking and two problems characteristic of Bruner's 
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b2 
studeies of children's strategies were used, The findings of the study 
were somewhat equivocal because the strategies of the group with two 
years experience in classroom inquiry proved to be the most sophisticated 
of the four groups; but those of the group with only one year of 
experience in classroom inquiry were less sophisticated than even the 
two control groups. The major conclusion of the study was that the four 
components of the strategies (objectives, organization, systematization 
and validation) could provide dimensions for futher studies, 

In 1969, Slinn made a study of teacher influence on the inquiry 
skills of grade six students and found that there was a significant 
difference in achievement on a test of scientific inquiry by pupils of 
teachers who were classified as "indirect" compared to the achievement 
on the same test of the pupils of a "direct" teacher, Although neither 
the Larson nor the Slinn study were directly concerned with arithmetic 
problem solving, it seems that both may have implications for the effect 
of inquiry teaching on problem solving strategies, 

What emerges from this review of the research into the effects 
of various teaching techniques or methods for improving problem solving 
ability is that there is no one "method" for solving problems since each 
problem must determine the method, Most of the studies tend to support 
the thesis that problem solving is not a skill which may be acquired by 
a mechanical or sterotyped procedure and that teaching techniques 
pertaining to discovery or inquiry methods are in need of further 
exploration, like Van Engen (1963) we are led to conclude that the 
relative superiority of any one "method" over another is extremely 
doubtful and that the effectiveness of a particular method probably 


depends upon the zeal and skill of the teacher using it (p. 403). 
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5) 
V. SUMMARY 

The first three sections of this chapter were devoted to a 
discussion of the nature of problem solving, of inquiry and discovery 
learning and of the relationship of language, tentative thinking and 
problem solving. Three important points emerged from the discussion. 

‘Firstly, problem solving implies personal involvement in search 
behavior. Ideally, for each problem posed, three things should occur 
after the individual has become aware of the problem as something he 

' would like to try and solve: he defines the problem or senses the 
situation or conditions imposed by it; he identifies various hypotheses 
(predicts) that could lead to a solution; and he verifies or tests 
the hypotheses for feasibility. Verbal problems of arithmetic may or 
may not be real problems inasmuch as they evoke or fail to evoke this 
type of behavior. 

Secondly, inquiry or discovery teaching may facilitate the 
development of problem solving ability in students who are exposed to 
this kind of teaching. It is probably most suitable for children who 
are in the concrete stage of logical development and who have not yet 
acquired the mental structures required for real logical thinking, 

Thirdly, language or verbal skills are an important part of the 
problem solving process, Efficient strategies of problem solving, such 
as considering various hypotheses and engaging in tentative thinking, 

may require an awareness of a particular function of language = the 

heuristic, or "tell me why" function. 
The final section of the chapter contained a review of related 


research with regard to the processes of problem solving and the effects 


s of etoveb stew tesqsio atd? to antbidaea sovdd tart? ‘od? © =06 


yrevovets baa yifupet to yaukvioe eetdotg Yo sebtan wAt To sobeago@tb 


ope anblatd¢ svivetae? ,epamacsl to qidenoiveale: sit Lo’ bas gotogaed 
-Motesvoeth ott most heptene. azi.ior +nedaodat cord? ,gntyion selon 
Honeea Ab toemeviovnt Dspoeves catierr qabvlea weidom jyreeeee er 
nuose bivose enaidés aerde .fenoq weldotm does tot py tleebt totvedted 
ef yatddesoa aes weldoug sit to sxews omaged eet racbivebat edd cette 
ote agagee to mefdow oft aenttes od sevice hae yt 02 ealel Biwew 
asasdtor wm apoitav apinitaebt ent at ye heaoumt anotshinoa 26 notte te 
aise? 10 gekbbiey of Soa jactivica s of Suef ‘bivoo tadd (eee 
<0 yam oiteaigtas to ameidoxwe IsdteV yt thidieser 19% ssaentouyd edt 
skid ove ot Eke? to spiove “edd se doumasmi anetvom Leet sa Jor Yam 
1ceveded to sega 

gif sisthitoe? yam pafrosss woavosa co to (iipah athboane 
benorxe ote Onw aicebita at yititde gabviga maldarg” to toemeteved 
Ostw aeUD LES tot 2fdatlits topos \yicedOts, 2t SE) potsigees TO pas eee 
gey som eve cdw Sae trempolevob Laorgol 20. egsza storsnes arts: af ce 
eaibiattic feotaatl Caede bi ber tae6¢ seturtodad’ Carma sda pexbepad 
Bi? to Steg tasttoqmt we aie aiftie iaviey -r9 Sehiudel ,yibrt | 


debe sWakvive tefsory Lo asivererte s 


: 
7 
¢ of 










of various techniques or instructional methods for improving problem 
solving. Many factors were found to contribute to successful problem 
solving: age, intelligence, persistence, computational facility, type 
of problem, motivation, reading comprehension and a knowledge of 
vocabulary, as well as the ability to vary one's strategies and to 
think in a hypothetical mode while searching for a solution to a 
problem, Teaching methods designed to assist children to develop a 


flexible approach to problems should lead to improved problem solving 
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CHAPTER THREE 
DESIGN OF THE INVESTIGATION 


The purpose of the investigation was two-fold: (1) to investigate 
the effectiveness of an inquiry approach to the teaching of arithmetic in 
the development of flexible and efficient strategies for solving 
mathematical problems; (2) to examine the relationship of ability to 
use language effectively, the degree of tentative thinking which a 
student exhibits while seeking a solution to a problem, and successful 
problem solving, This chapter outlines the procedures which were 
followed in choosing the population from which the sample of students 
was drawn, It contains a discussion of the arithmetic program in the 
classrooms which were designated as either Inquiry or Non-Inquiry, a 
description of the instrumentation and of the procedures used to analyze 


the results of the study. 


I. POPULATION 


pelection of the Participating Classes 


The first step in choosing suitable subjects for the investiga- 
tion led to the problem of identifying classrooms in which teachers 
were using an 'inguiry' approach to the teaching of arithmetic and those 
which were not using this method of teaching. A questionnaire, designed 
to assist in this identification, was developed and sent to the 
principals of ten schools for distribution to teachers of grade six 
arithmetic. The schools had been randomly chosen from among those of 
the Public School System in Edmonton, Alberta, The questionnaire was 


followed up with a visit by the investigator to these ten schools and 
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a personal interview with each teacher of grade six arithmetic, During 
the interview, the contents of the questionnaire were discussed and 
an attempt was made to ascertain to what extent an ‘inquiry! or 'non- 
inquiry' approach was being followed by the teacher and the pupils. 
Permission to visit the classroom during an arithmetic period was 
requested and an appointment made, <A checklist designed to guide the 
Observer was developed for use during the visit and is included with 
the questionnaire in Appendix A, 
| It was possible to contact eighteen teachers in the manner 
outlined above, Of these, only two seemed clearly to be following 
an ‘inquiry’ method of teaching arithmetic and were therefore designated 
Inquiry teachers, From the remaining sixteen teachers, four were 
chosen as being representative of sound but somewhat "traditional" 
teaching and were designated Non-Inquiry. 
Assistance was then secured from the Supervisor of Mathematics 
for the Edmonton Public School Board to identify two more teachers 
who were using an ‘inguiry! approach, This brought the total number 
cof teachers in each group to four, Particulars of training and 
teaching experience for the teachers who participated in the study are 
given in Table I.and details with regard to the classes in Table II, 
The final population from which the sample of children was 
drawn consisted of eight class units located in seven schools. Two of 
the classrooms, one Inquiry anc one NoneInquiry, were situated in 
open<area schools, The other six were self contained, Since socio= 
economic status was not to be controlled in this study, it was deemed 


important that the schools which were participating be located in 
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TABLE I 


TEACHERS: TRAINING AND EXPERIENCE 











Inquiry Non-Inquiry 
Yrs/Training Yrs/Teaching Yrs/Training Yrs/Teaching 
2 i) 6 ay 
4 2 4 hie 
2 tes) 4 30 
h 2 > 8 





TABLE II 


NUMBER OF STUDENTS AND DISTRIBUTION OF SEX IN PARTICIPATING CLASSES 








Inquiry NoneInquiry 
Class Class 
Code Male Female Total Code Male Female Total 
EA 18 13 out Na La 14 28 
1s) ed L7 28 Nb 15 ue) 28 
LG 16 A NG) Ne L3 15 28 
id a aa oe Na L as) 30 
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38 
approximately equivalent socioeeconomic areas, The communities served by 
the participating schools, while varying widely in geographic location 
in the city, were designated by school officials as average middle=class 
communities, None of the areas could be regarded as affluent; neither 


were they considered low socioseconomic or inner=city communities, 


Description of the Arithmetic Programs 

The classrooms which were designated Inquiry had been differen= 
tiated from the NoneInquiry classes on the basis of the questionnaire, 
assistance from the Supervisor of Mathematics, and on the basis of 
observations made during a visit to each classroom, In order to assure 
a common ground for interpretation of the terms Inquiry and NoneInquiry, 
a full description of the arithmetic program “a the eight classrooms will 


be given here, 


The Inguiry Classrooms, An inquiry class was identified as one 


in which the 'textbook! method of teaching grade six arithmetic had been 
largely discarded, at least since the beginning of the fall term, in 
favor of either small group investigations or a modified plan for the 
individualization of instruction through a program of individual inquiry, 
The emphasis in the Inquiry classes was on mathematics activities often, 
but not always, involving manipulative materials, with each student 
proceeding at his own rate and assuming the major portion of the 
responsibility for his own progress, No formal lessons were presented 
to the class as a whole, Students were encouraged to "think out" a 
problem or an activity either by themselves or with one or more of their 
classmates, 


Two of the classrooms designated as Inquiry were using the small 
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group investigations approach. These "investigations" for the most part 
were teacher=constructed and consisted of open-ended questions, problems 
or directions for pursuing a mathematical activity: e.g, "How many times 
do the hands of a clock form a right angle during one twelve=hour period?" 
or "Compare your pulse rate before and after exercise, Make a chart or 
graph to report your findings," 

The classes were divided into four groups with seven or eight 
pupils in each, On four consecutive days the groups rotated among four 
"stations" as follows: 

Station One = The students began an investigation, tried to think 

how it should be carried out and findings presented; recorded 

ideas for discussion and began to collect data, 

Station Two - This was a teacher station: problems which had 

been encountered the previous day were discussed; data was 

examined and related topics and/or problems discussed; 

individual assistance was given when necessary by the teacher, 

Station Three — Students worked either in pairs or individually 

on exercises and assignments related to the investigatihon, 

(This was essentially a "drill" or skill practice day.) 

Gtation Four ~ This was "game" day: games and game~like 

activities were used to reinforce the mathematical ideas related 

to the investigation just completed, 

Every fifth day in a series, the students had what was called a 
stop day. For half of the period they discussed one or two of the 
investigations which all had completed, Encouragement was given by the 
teacher to sharing ideas and discussing why some group's findings differed 
from others, The remaining time was devoted to the presentation of 
results of some of the investigations in the form of charts, graphs, or 
other visual materials, Concrete materials such as stop watches, scales 


and balances of all kinds, cardboard, beads, string, coloured paper, 


etc, were readily available to the students in these classrooms, 





Seer So6u ‘orld <6 ee ere agetT  ,doBdiege ae Pe 


sneldowd 


sensty 


yvAnm WOR" 


a 


"Tbolbisa wWot-ev law? 


0 SteiT A 


¢ 


A DoLles 


Nasi aie% 


_anoitaeur YebiewasT> lo Sevaleqod pas putorasanoo=tetoesh atew 


so ivstvetse Joolssnedten a pokoadie Ot Snekeemee 20 


Sig 


nibwih ofvie tiqis a erot didlo ese ahmed eff ob 


ave ..satsvexé tetla |né ototed scat satig ZUOY exaqag" ‘to 
7 i 
! A 
" Agatha? roy s3eget OF figazy 
«Sa 
= “6 Asven otlw aquoita tel oss bebivib orew adaaslis sat 
‘oma bedetot aguots ede eyab syitueeanos cHey a0 .HeeR ee afigug 
‘ewolfet ss "saettavea" 
ei-1t  ,nolianivserat ims tegse efnsbere ohT = ge0 oly 
s97 +beadneustiy aatinst Oma 200 Lappres st binoda* IF god 
afah to0lfos of waged Boa doteeuaath 10) Seebs 
Aotaw oo ; Viv Ave t9foaet 2 dak etait = ot 
W Bvah fisRetoa stow ¥85 suotvend aft howshavoone a 
-SoSe osu ; jut “20 \bNS eatroe beisiat bea bap heene 
lonat ett Yd vinsesoen cedw aevin aby spnedatess (AagS Evie 
twrbot “to aviea af weditite Sesion alAeeue = pet nessase 
s}n¢eutignevar ait o: borelet ssnesiatass pas nos totere fi 
(.vab sativerc [itis to “{fpuy! = ghlehingaas aew Bit) 
anhimeweas Dis acto: vsb age’ esw ukat = THe “4 
-aBel feottansitem ond sototsAien Of )F Sp eeaw Aetriy se oe 
4 i é ’ * V/ 7 , 
belelqeog Favr rhitaptigefat ens 22 
5 r - 
sey Jadw hed einehisa sid ,aeliee 8 on Yee not Pz vrevea 


edd. Io ows 4 


otem oSeenuseti veds So0bteq vAi to tisk “04 vtav qote 


Say vd nevix asWw imemeastioet =, fetelingo, bad Ils dobde nooks MeevEk ; 


ied aden arevies sais Yiiw aintoe tus 2e bial aiebr gabesda Oy todas 









Z. 





ae 


cdl 
- 


7 _ 


tant) DF bedoreb aay potent Lame aT oda ~~ 


LO 
The two classrooms just described had been designated for the 
investigator by the supervisor of mathematics because he knew that they 
were using an ‘inquiry' approach, However, when the classrooms were 
visited in the latter part of April only one of them was continuing to 
use the "investigations" procedure just outlined, The other teacher 


reported that he had decided to use "selected pages" from the Seeing 





Through Arithmetic series "for review purposes", There was ample 
evidence that the "Ninvestigationd! approach had been followed for most 
‘of the year, Students were proceeding with the "review" pages at 

their own rate and checking of responses from the teacher's response 
verification book was carried out as required either by pairs of 
students or individually. The teacher appeared to be giving assistance 
to those who required it, but in an unobtrusive manner, 

The other two Inquiry classrooms in the study were located in 
the same school and were following a modified individualized, multi-text 
approach, The grade six curriculum had been divided by the teachers into 
eight major sections or "Big Ideas." <A pre-test was taken prior to 
beginning a unit to determine each pupil's strengths and weaknesses 
in the area, After the pre=test, selected guide sheets were given to 
the pupil indicating several text=books which the student could consult 
as well as various related activities that the student was expected to 
carry out, Students then worked either alone or in pairs, giving each 
other assistance or asking the teacher for assistance, The teachers 
occasionally drew a small group together for direct teaching on topics 
with which these students were experiencing difficulty; but for the 


most part, students were encouraged to search out materials on their 


own, The emphasis seemed to be on learning to direct their own 
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learning activities and to think through problems for themselves. 

When a student felt that he had covered a "Big Idea" adequately, 
he asked the teacher for a "mastery" test, If he scored 80% on the test, 
he was considered to have achieved mastery and so went on to the next 
section; if not, then he was asked to try to figure out where his 
difficulty arose: "Was it a lack of understanding or of practice?" 

The teacher then assisted in choosing materials and activities for the 
student to "work through" before he was allowed to take another form of 
the same mastery test. When the eight "Big Ideas" had been mastered, 
pupils were allowed to use source material which was available in the 
classroom to explore any of several related mathematical ideas, About 
One=third of the class were engaged in this kind of supplementary work 
at the time of the experimenter's visit. 

The Non-Inguiry Classrooms, A non=inquiry classroom was identified 
as one in which the teacher admitted that he "stuck pretty close to the 
textbook" and spent less than twentyfive per cent of class time having 
pupils work with materials or activities other than those contained in 
the prescribed text. In each case the classes were using the Seeing Through 
Arithmetic series. At the time of the classroom visit, the teacher was 
engaged in introducing some new mathematical concept, using an approach 
which could be characterized as "show and practise”, A lesson was 
presented to the entire class, with the teacher giving several instances 
of a concept and then drawing a generalization or rule for the class. In 
two of the classes division of fractions was being introduced, The 
method was explained and then one or more pages of exercises was 
assigned from the text, As the students worked at these, the teacher 


went around the room giving individual help where needed, 
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Many ‘good! teaching techniques were in evidence in these Non- 
Inquiry classrooms: having the more able students teach the slower ones; 
requiring the drawing of diagrams to represent ratios and fractions; the 
use Of set notation to identify different names for a point on a number 
line; as well as many motivational devices, 

While teaching methods obviously differed widely among the four 
classrooms, they all had this in common: a dependence upon the prescribed 
text as a teaching tool, The emphasis seemed to be on how many exercises 
a student could do without making an error, Teachers admitted that the 
students didn't want to work independently, that "they like to be 
directed," or else that the curriculum was too heavy to permit much time 
for supplementary activities of an exploratory nature, The approach to 
the teaching of problem solving was to assign a set of problem exercises 
after teaching a method or an algorithm which would lead to their 
solution, Pupils asked fewer questions than they did in Inquiry class- 
rooms, engaged less in student=initiated activities and seemed to expect 
to be shown "how" to do something rather than attempt to do it on their 


own initiative, 
II. THE SAMPLE 


From each of the eight participating classes, a sample of ten 
subjects was chosen, using a table of random numbers (Keeping, 1962). 
In order that randomness might be preserved, no attempt was made to 
stratify on the basis of sex, However, in every subgroup of ten, it 
happened that the distribution of sex was either a five-five or a four- 
six split, The total number of subjects in the sample was thus eighty, 


forvy in the Inquiry group and forty in the Non=-Inquiry group, 
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The following reasons were accepted for the elimination of a 
subject from the sample: absence from school on the testing days; a 
severe learning or emotional disability; recent transfer to the school 
or the classroom; difficulty with oral communication due to a language 
barrier or physical disability such as deafness, In all, six students 
were eliminated and replacements made on a random basis. 

While it had been assumed that randomization of the sample 
would ensure representativeness, the mean total I.Q. for each group of 
ten subjects within a class was compared to the mean of the class from 
which the subsample was drawn, These comparisons are shown in Table III. 
It will be noted that, while the means for the subsamples of ten were 
sometimes higher or lower than the class mean, the mean I.Q. of the 
Inquiry group was almost identical to the mean of the Non-Inquiry group. 
Using a Scherffé test to compare the means of the classroom subsamples, 
it was determined that in no case did differences among means approach 


Significance, 


TABLE IIL 


MEAN I.Q. FOR SUBSAMPLE OF TEN AND FOR CLASS GROUP 











Inquiry Non-Inquiry 
Class Class 
Code Subsample Class Code Subsample Class 
Ta 108.75 108.6 Na TU, 7. 105,8 
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III. INSTRUMENTATION 


Standardized Instruments 

Each pupil's intelligence was measured by the Canadian Lorge 
Thorndike Tests of Intelligence (Level 3). Both Verbal and Non=Verbal. 
Batteries were administered and scored during the month of January, 
1970, by the classroom teachers as part of a systemewide testing program. 
The intelligence quotients calculated for each subject, as recorded in 
_ the cumulative records, were used for this study. 

The reliability of these tests of intelligence has been well 
established, Alternate forms have been found to correlate from .76 to 
.90 at all level of the tests. Most reviewers agree that the Lorge 
Thorndike Tests occupy a place among the best of the group intelligence 
tests and the uses recommended for them are both reasonable and 
defensible (Buros, 1959, pp. 480-482), 

Since the study was intended to examine the relationship 
between achievement on a conventional arithmetic problem solving test 
and problem solving ability (measured by the Strategies of Problem 
Solving Test), it was necessary to choose a standardized test of 
arithmetic problems, The Jowa Tests of Basic Skills Arithmetic 
Problem Solving Subtest Ane (Form 3) was chosen for this purpose and 
administered to all the students in the participating classrooms by the 
investigator, Directions for administering the test were carefully 
standardized (Appendix B) and the thirty=minute time limit was clasely 
adhered to, 

Herrick reports that the reliability coefficients of the subtests 
of the Iowa battery are sufficiently high for individual diagnosis and 


prediction, He warns, however, that intercorrelations among the subtests 
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LO 
indicate a heavy loading of all the subtests with vocabulary and reading 
skills. The intercorrelations suggest that not much would be left 
after the effect of vocabulary and reading skills was removed 


(Buros, 1959,.p. 32). 


Rating: Language Achievement 

Language Aircherints was considered an important variable in 
this study but a reliable instrument to measure it proved difficult to 
find, Since Loban (1963) had reported that children who had the 
greatest power over language, by "every measure" that could be applied, 
were more likely to use tentative expressions, it was believed that any 
one of several devices for measuring achievement in language would be 
satisfactory. 

Several alternatives were considered, among them the 

Writing Test of the Sequential Tests of Educational Progress. 
However several reviewers of the test warned that it was not a very 
satisfactory instrument, Jackson (in Buros, 1959, p. 64) wrote: 

The socalled Nwriting" test is not very satisfactorily named 
~ « « e (Lt) does not actually involve arn writing but consists 
rather of a critical evaluation of what others have written, 

The idea of using the S T E P Essay Test was also considered and again 
discarded since reviews caution against the large element of subject= 
ivity in the scoring of the test. Jackson concluded that the test did 
not represent much improvement, if any, over teacher-assigned topics 
and teacherescored examinations (p. 65). 

It was finally decided to use a combined language rating 

obtained from two sources: (1) the classroom‘teacher's rating of a 


subject's oral and written language competency and (2) a score 
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assigned by the investigator on the basis of an original composition 
entitled Something I Like and Why L Like It which was submitted by each 
subject. The scoring of these written assignments was based on criteria 
similar to those outlined by Coutts and Baker (1955). While recognizing 
the limitations of these criteria (Appendix B), it was hypothesized 

that AES would be typical of what teachers actually use when rating 

a student's composition, The final score assigned to each subject 

| for language achievement was based on a fiveepoint scale, with five 
indicating superior achievement and one indicative of very low achieve- 
ment, Whenever there was a major discrepancy between the classroom’ 
teacher's rating and the grade assigned for the written composition, 


one or more competent judges at the University of Alberta were consulted, 


Rating: Tentativeness 


Since the investigator had hypothesized that tentativeness in 
the language of the subjects would be exhibited to a greater degree 
by those students who were considered high language achievers and 
by those who used the most efficient problem solving strategies, it 
was necessary to choose some means of measuring tentativeness. Two 
of the problems from the Strategies of Problem Solving Test seemed 
most likely to elicit expressions of tentativeness on the part of the 
subjects. Consequently, the tape-recorded protocols for these two 
problems (Appendix C) were examined and evaluated by the experimenter 
on the basis of whether they provided evidence of tentative thinking 
on the part of the subject, In this manner each subject was identified 
as being either tentative or non=tentative for each of the two problems. 


Since the scoring of the tentativeness measure involved 
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a subjective analysis, it is important that the meaning of the term 

be well established, Tentativeness, as the term is used in this study, 
is not to be confused with indecision or uncertainty as to how the 
problem should be solved; it is associated with a genuine search for 

a method of proceeding that will yield a verifiable answer, with a 
willingness to discard a solution that cannot be verified or that is 
obviously inappropriate, and to consider one or more alternative. 

The following example illustrates tentativeness in connection with 

Eh hT en III (how much copper): 

Subject's comments Experimenter's comments 


Would it be 72 pounds? You think they would need 
72 lbs, of copper to make 
24 lbs. of the coins. 
No, that would be too much, Let's see.., 
the 24 lbs, is nickel and copper both 
ips avery The coins are made from 
both nickel and copper, 
ADO ols 2Ob.to. be 1 pound of nickel to 
> Lbs, Of GOopper? Yes,” that's” the™ recipe. 
If I times them bath by 4... no, that 
wouldn't be enough. Let's see, could it 
be > of nickel and L5..0f copper? No, 
that's not enough either, I've got it 
now! : You think you've got it, 
Yes, It's 6 of nickel and 18 of copper 
because 6 times 3:is 18 and then 18 plus 
6 makes 24 lbs, of the mixture. So, are you quite sure you 
have reached the answer? 
Yes, because it all adds up to 24 and it's 
in the right proportion. I see, 


Clearly, in the above example, the subject is using language to 
hypothesize and to predict as he considers various alternatives in his 
search for a verifiable solution, While there is nothing "tentative" 
about his final answer, his earlier trial and error aaeauay involved 
considerable flexibility and tentativeness, On the other hand, a 


subject classified as non=-tentative would answer the same problem 
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in a manner illustrated in the following protocol: 
I think it would need 72 lbs, You think that it would 
require 72 lbs, of copper 


to make 24 lbs, of the coins, 
Well (subject hesitates),it does seem like 


a lot of copper; but it has to be % times 
as much copper as nickel, so I guess it 
would have to be 72 pounds, Do you think there might 
be some other way of 
Tiguring 2v Outs 
No, all you can do is just multiply 
by three, so it has to be 72 pounds, I see, 

While the second subject obviously doubts that 72 pounds is the 
correct answer to the problem, just as the first subject did, he seems 
to lack the flexibility required to consider other alternatives. He 
ends the protocol by making a dogmatic statement that he himself seems 
to realize cannot be verified. The statements "I think" or “I guess" 
do not in this instance indicate tentativeness but rather indecision 
or uncertainty about his response. Several examples of tentative and 


non=tentative protocols for both Problem III and Problem VII are given 


in Appendix E, 


Strategies of Problem Solving Test 
One of the major purposes of this study was to measure and 
compare the relative efficiency of the strategies used by the subjects 
when they were required to seek a solution to a problem for which they 
had not learned an algorithmic procedure, A review of the literature 
and an examination of existing arithmetic problem tests (such as the 
iowa subtest) led to the conclusion that a written test consisting 
of the usual arithmetic word problems would not be an adequate 


measure of the processes by which the subjects arrived at a solution, 


It was decided to construct a Strategies of Problem Solving 
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Test, consisting of interesting mathematical problems, but not of the 
type that grade six students usually encounter in their textbook, The 
test was given in an oral setting so as to minimize the effect of reading 
ability and so that an attempt could be made to analyze the thinking 
processes of the subjects during the problem solving encounter, 

A full discussion of the test, how it was constructed, 


administered and scored is contained in Chapter Four, 
IV. DATA COLLECTION 


After the population had been identified and the sample chosen, 
instructions were sent to the participating teachers concerning the 
written language assignment (Appendix B). The compositions were read 
and scored by the investigator prior to the testing in the schools, 

All testing took place between April 15 and May 12, 1970. The 
Towa Problem Solving Subtest was administered during the morning of the 
first day of testing in each school, following which the ten subjects in 
the subsample were interviewed and the Strategies Test administered, 

The testing took approximately two days for each classroom in the study. 
The tape recordings of the interviews were transcribed by the experimen- 


ter within a few days of the test administration. 
V. DATA ANALYSIS 


Data pertaining to each subject's sex, age, intelligence, test 
scores, language and tentativeness rating were entered on cards for 
programming on the 360/67 computer of the Division of Educational 


Research Services at the University of Alberta in Edmonton, 
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Hypotheses 1, 2, and 4 were tested by Multiple Linear Regression Analysis. 
An analysis of the differences in means for several variables for the 
Inquiry and NoneInquiry group indicated that age, intelligence and 
problem solving achievement should be controlled for when testing 
Hypothesis 1. Intercorrelations were calculated for all the variables 
in the study using a DESTO 2 program and results were used to test 
Hypothesis 3, Correlations were deemed to be significant at the .05 
level. ofiprobabiiLaty. 

The results of the statistical analysis are contained in 


Chapter Five, 
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CHAPTER FOUR 
STRATEGIES OF PROBLEM SOLVING TEST 


A major problem in this study was to find a way of comparing 
the problem solving ability (strategies) of subjects in the Inquiry 
group and of subjects in the NoneInquiry group. A review of the 
literature on problem solving led to the conclusion that special atten- 
tion should be given to the construction, administration and scoring of 
a test that would measure the relative efficiency of the strategies 
used by the subjects to solve 'real' problems, The present chapter 


is devoted to a discussion of the test, 
Lo CONSTRUCTION OR Th TEs] 


A study by Larson (1966) of the strategies of inquiry used 
by fifth-grade children when confronted with a series of four problems 
in an interview setting, served as a model and major inspiration for the 
design of the present study and for the construction of a test to 
measure the strategies used by the subjects, However, since the 
problems used by Larson were not arithmetical, a different set of 
criteria had to be established to guide the choice of problems for the 
test. Consequently, the following guidelines were established for the 
selection of problems: 

1. The situations described by the problems should be within 
the experience of the average child in grade six, 

2, They should be of a quantitative nature, but should also 
prove interesting for the average ten-to-twelve year old. 

3. They should be problems that require the child to predict 


various possibilities, to verify and to search for alternatives; 
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to combine two or more rules or principles; to consider more than one 
variable in a situation; in short, to engage in "open search" behavior, 
considering various conditions and synthesizing the relevant data to 
reach a satisfactory solution, 

4, While they should not be BO easy to solve that they do 
not elicit search behavior, they should also not be so difficult or 
confusing that the majority of children in grade six would refuse to 
attempt them, 

These criteria are essentially similar to those cited by 
Kilpatrick (1967) for his investigation into the problem solving behavior 
of eighth-grade students. A discussion of each of the problems which 
were chosen for the present study will indicate how each one fits the 
criteria, Problem I was taken from the Larson study; the others were 
chosen from various sources such as those sometimes used for "enrichment" 


or 'recreations!! in the elementary school, 


Provrem L = "tne Tos pal, 
Just for practice let's begin with a game called "Twenty 
Questions." Here is a chart of a field. Let's say that a boy lost 
his baseball somewhere in this field, I know where it is, but you 
do not, You have twenty questions to see if you can find out where 
itis (Larson, 1966, p. 153). 

The "chart'' in this problem is a sheet of manilla tag which 
is divided into one-inch squares, twelve by eleven inches, or one hundred 
and thinmty-two in all, If the child structures his search for the ball 
in a systematic manner, he could locate the "missing" ball in seven 
questions by the elimination of alternatives, The problem was chosen 


for the present study because the game-like setting would relieve any 


test anxiety experienced by the subject,, it was a problem all the 
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children could "solve" since the experimenter can make sure that the 
ball is "found" before the twenty questions have expired, and finally, 
it would provide an opportunity to establish a desirable rapport between 


the interviewer and the subject, 


Problem Il - "how many socks! 


Jane was getting dressed for a school concert when a thunder= 
storm caused all the lights in the house to go out before she had 
picked out.a paix of matching socks Prom her drawer. Her father 
is waiting in the car to drive her to the school, They have just 
enough time to get there before the concert starts. She knows 
that she has only yellow, white and blue socks in her drawer and 
that any of these colors will match the dress she is wearing. 

How many socks should Jane take with her so that she can be sure 
of having two socks the same color to put on in the car? (Explain 
that the socks are not arranged in pairs in the drawer.) 

This problem is characteristic of several to be found in 

arithmetic “puzzle™ books.. It calls for the subject to predict that 
if Jane takes three socks each one could be a different color, A 
further hypothesis must then be made: "If she takes one moresock, then 
it has to be the same as one of the other three because there are only 
three different colors (yalidation)." Another alternative could also 
be considered: "Tf she doesn't pick up three different colors with her 


first three choices, then she has to have two that are the same color 


before she has even picked up the fourth sock," 


Problem IIL - "how much copper" 


A nickel (five cents) is made of both nickel and copper. 
For every pound of nickel that goes into the mixture, there are 


three pounds of copper. How many pounds of copper would be needed 
to make 24 pounds of the nickel coins? 
It was expected that most children would attempt to set up a 


rate equation using 1 per 3 equal to some unknown per 24, When this 


equation failed to produce a verifiable solution, the subject would 


~ EX 





oil? 644d etun ayem a8. cofaomiceqke 473 ponte “e¥fou” Sivoo herbi bday 

« 9 
-Yiiedtt ine ,betteto svad ‘epoliaers ‘iden? ene gm6ged “pot at Lied 
nesewted ttog¢a1 ofdatinelh s dativetdac oc? WVeLaweaogd) ms ebtvotq bivow +k 


toétdas ents ban tewetytetat ad! 


i ‘amet ties aod" ~ 2) meidond 


-r9boud* so serw ttesaco Loodse a 20F Deeaeth gatizce, sew enal 
Gled fuo of 9 seo eft at agitert edit [is Sesvao move 
‘suvst tsH ,;vewadh tod mext effove seiiode® 20 tied a tuo Bbatetg 


teyt ovad vail .fLoodoe ad? of sed @yicb oF s@> SAT af gatrtew Os 
svi! ef@ .edéieta treones sd? eiroted emedi> Jeq of eel’ gavors 
hos sewath. red at @ioos eiiid bas slidw ,woltey (leo amt ede vent 


Jekiaéow ab ste aserh edt Hodes Cl by gtofas egadt fo yee face 
stds ef meo ona ert ted dtiw slag onal Sivos® ecoe team wok 
elqxd) frmo ef? nf ac Ue a? s0fop ‘aime ofS exohe OM aebYed ta 
(.vsweth of? af enkeg af Depaerce fon si8 ekoba eff tans 


ty 
4 
> 


havot ef ot Fatsyeh to obfethatoviuide at.zwelgor,, e£4t 


Siiesg oF foofdsa edt wot elles ot ance’! “siagewe" olvemdt hea 


A. mia5 sevettib ea ed bfevoo sno dese advom sands asaiad onat FL 


19s ,aAppeetom en0 eexed ea TI" satan ed ceit leur efesdsogyl tenrae 


yino ete eted? séusced sotdis teitc sit io 620 @@ SitBe say a6 07 peal 
opie birron gvidvampetia taifomA 3", Wo tseb lay) ereled Jaerei2iS peta7 
ton ditw etofoo Taenettlb seta’ cu dotG 7 ' oneal ete itl shegehfadoo ag 


said emen 6d! eta tedi owl evnil Oo nad SOfe fens ypeeopkotis sagt? 2£aakt 


"disoa dcawot sd’ qu betslg mors aac ofa s76zed 


Amos eee - EL sates’ 


1) 8- jtexgos hus fexote pani ie einen et no hea i Fenip Mes, ts - 


& 


poaeegerie 





D4 
then have to search for a new variable, the quantity 4. A successful 
solution requires the subject to restructure the problem so that the 
proportion of three pounds of copper per four pounds of the mixture is 
arrived at, Would the search be systematic, or would the subject engage 


in trial and error, guessing and the verifying each guess? 


Problem IV - "chess and checkers" 
All of the students in a certain class know how to play either chess 
or checkers, but some know how to play both games, There are 14 
students who know how to play chess; there are 16 students who can 
play checkers; but there are 10 students who can play both chess and 
checkers, Can you figure out how many students there are in the 
class? 

For a subject to accept this situation as a real problem, he 
must first of all grasp the idea that the ten students who play both 
games are also included in the chess players and in the checker players, 
Otherwise, no problem exists and the child would simply add up 14, 16 and 
10. Once the class inclusion aspect has been sensed, however, the 
subject must still search for a solution, Several approaches or 
hypotheses are possible: remove the ten who play both games from the 
the fourteen chess players and the sixteen checker players, and then 
add up the three disjoint groups; add the fourteen and the sixteen, but 
then the ten who play both must be subtracted from the total; or count 
half of the ten, who play both games, as chess players, and the other 
half as checker players, subtracting the remainder, five, from both the 
fourteen and the sixteen, It was expected that some subjects would 


attempt to verify their solutions by drawing some kind of diagram to 


represent the situation, 
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Problem V = "'the vinegar problem" 
A supermarket bought 275 gallons of vinegar in large barrels which 
had to be emptied right away and sent back to the factory, The 
manager of the supermarket found that he had only 168 empty gallon 
jars that he could fill with vinegar, He knew that these would not 
be enough to hold all the vinegar, so he decides to put the rest of 


the vinegar into pint containers, Could you figure out how many 
pints he will need? 


It was not the intention of the investigator to test the 
computational skills of the children, but only to test the flexibility 
and appropriateness of the strategies they would use to solve the 
“problems, The quantities chosen for Problem V were fairly simple to 
convert to other units and there would be no remainderswhen it was 
necessary to divide, The subjects were told that if they needed help 
with the computations in any of the problems, they had only to ask and 
the interviewer would assist them, They could ask questions like, "Are 
there four quarts in a gallon?" and receive a yes or no answer, In this 
way, problems involving a fair amount of computation should not have 
been unduly difficult, providing that the child had at his disposal 
some kind of strategy for seeking a solution, 

One of the reasons for including Problem V was that it involved 
solving several sub-problems: changing the quarts to gallons; sub- 
tracting both the 2h gallons and the 168 gallons from the original 
quantity; and finally, converting the remaining gallons of vinegar 
into pints, These sub-problems necessitated the maintenance of search 
behavior over a longer period of time than did the other problems, as 
well as a certain amount of systematization (remembering and using 
solutions from the sub-problems). It was, however, not as easy to 
validate the final solution as was the case with the other problems 


in the test, 
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Problem VI - "father's age" 


A man married at the age of 25. His wife died 15 years after their 
marriage, leaving a daughter who was only 11 years old, After 9 
more years, the daughter married a man who was 4 years older than 
She was, When her father died, the daughter's husband was 45 years 
old, Is there any way that you could figure out how old her father 
was when he died? 

In order to accept this as a real problem, the subject would 
have to grasp the relationship between the father's age and the son-in- 
law's, This relationship must be analyzed in termsof the life lines of 
the three people involved, and requires a subject to search for some 
way of comparing their respective ages at some point in time. It was 
anticipated that this problem would elicit the formulation of hypotheses 
and the verification of outcomes as the subject tried to find the 


father's age, How systematic this search would be might reveal the 


efficiency and flexibility of the subject's strategies, 


Problem VII - "gift of money" 


Two brothers, Floyd and David, receive a gift of money each 
Christmas to be divided equally between the two boys, The total 
amount of money that their uncle sends for both of them is always 
equal to the product of their agee (explain the meaning of product), 
This past Christmas, in 1969, the uncle sent $36, The Christmas 
before last, in 1968, he sent $22 for the boys to divide between 
them, Could you figure out how old the boys were last Christmas; 
that is, what were their ages in 1969 when the uncle sent them $46? 
As in the case of Problems IV and VI, for the subject to 
engage in the process of problem solving at all, he had to grasp 
certain relationships, In Problem VII it was the relationship between 
the amount of money which the uncle sent them in 1969 and the amount 
which the boys received the previous Christmas, In other words, 


the subject must grasp the idea that, when Floyd and David received 


twenty-two dollars; that is, in 1968, the two boys would each have 
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been one year younger, A systematic strategy would involve considering 
all the possible combinations of ages for the two boys when the product 
of their ages was thirty-six and when it was twenty-two, If the subject 
were to start with the smaller number, he would soon find that there 

are only two possibilities for the year 1968, and it would then be 
fairly easy to test the validity of both combinations in terms of the 
amount of money they received the following year. A specific or 
none-systematic strategy would involve random guessing with the hope 

that the right combination might turn up. This problem seemed like 

a particularly good one for analyzing the strategies used by the 


different subjects. 
il, FLLot srupy 


A pilot study was carried out in February, 1970, using a sample 
of ten grade six students from a school not included in the study, 
The purpose of the pilot study was two-fold: to determine the 
appropriateness of the items chosen for the Strategies Test and to 
refine the interviewing techniques to be followed in the research, 
The following conclusions were drawn as a result of the pilot study: 

1. The problems chosen for the test were appropriate. Most of 
the children interviewed were quite willing to attempt all of the items 
without showing undue fatigue. All the children appeared to enjoy the 
game of "Twenty Questions," 

2, The overt responses of the subjects as they "thought aloud" 
seemed to be Baie tuts of their patterns of thought (otrateries).. 

3, It would be necessary to follow a carefully standardized 


procedure in administering the test so that the interviewer did not 
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provide cues to some subjects and not to others by means of questions 
and remarks made during the problem-solving interviews, 

4, Some means should be found to alleviate the frustration 
experienced by some of the subjects as they became aware that they had 
not found a verifiable solution, but had exhausted all the alternatives 


open to them, 


IIIT, ADMINISTRATION OF THE TEST 


ihe Strategies of Problem Solving Test was administered on an 
individual basis to the eighty grade six students in the sample, All 
interviews were conducted by the investigator, Since comparisons were 
to be made between the subjects in the Inquiry group and those in the 
Non=Inquiry group, it was important that the physical setting be 
carefully controlled and that a standardized interview procedure be 
maintained throughout. On the other hand, since the interviews were 
intended to be inquiry sessions, it was important that a good rappart 
be established and testeanxiety be alleviated, 

Suchman's (1966) recommendation that the teacher should respond 
positively to the student and neutrally to the product of the child's 
thinking (p. 17) was taken as a guide in structuring the interviews. 

The subject was encouraged to think aloud and to ask questions as he 
worked at the problems, Questions asked for purposes of clarification 
by the subject were answered by referring back to the information 

given in the problem, Computational assistance was given when eM eeten 
but the interviewer refrained from structuring the problem or indicating 
which operations should be used to solve it. Every attempt was made 

to have the subject talk about the problem and to explain how he had 


reached a certain conclusion: e.g. "Do you think you have reached a 
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a7 
correct solution?"; "Why do you think that's the right answer?" or 


"Why aren't you sure?" 


As a result of the pilot study a list of "permissible" questions 
and comments had been drawn up for each problem on the test, This list 
(Appendix C) was carefully adhered to by the investigator, 

The interviews were held in a conference-type room in the schools 
during the school day, When a subject arrived, he was greeted by name and 
a few moments were spent talking about the topic which the subject had 
indicated in his written composition as being of particular interest to 
him: e.g, astronomy, horses, pets, etc, Care was taken to ensure that 
the subject was not unduly disturbed by the presence of the tape 
recorder which lay on the table in full view throughout the interview, 

Reasons for the interview were explained as follows: 

I think you know (name of subject), that I am working on a 
project to find out what kinds of problems are interesting for boys 
and girls in grade six, This is how you can help me with the project, 
I've chosen some problems that I think are interesting. I'm going 
to ask you to try to figure them out so that I can see if you find 
them interesting too, 

In order to give you a better chance to figure out the problems, 
you may ask me any questions that you need to, When you ask a 
question that I cannot or will not answer, I shall tell you. Don't 
worry about asking the wrong questions, There really are no right 
or wrong questions, 

Some of the problems may involve doing some arithmetic computa- 
tion, so I have provided a pencil and paper here for you to use if 
you need to, If you want me to check the accuracy of your adding, 
dividing, ete,, Ill be glad to do so, Sut Ll wom't orter vo help 
unless you ask me to, Remember to talk as much as you like as you 


think through the problems, and to ask any question at all that you 
think might help you to figure them out, Are you ready? 


All right, Just for practice, let's begin with a game called 
"Twenty Questions,'!' Have you ever played Twenty Questions? 


Care was taken at each interview to ensure that the subject 


understood the problem situation and wanted to become involved in 
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GO 
finding a solution, After each problem had been read aloud, us 
animatedly as possible, a card on which the problem had been printed 
in large type was placed in front of the subject for ready reference 
and re-reading if necessary, No indication was given as to the 
validity of the solutions reached by a subject. Questions such as, 
rs eet right?" were countered with "What do you think? Do you think 
it's rights" 

Every attempt was made to encourage a subject to continue 
thinking about a problem until some kind of a solution had been reached, 
If he stated that he didn't think he could find the answer, he was 
asked, "Do you think there is enough information given for you to 
figure out this problem?" or, "What more would you need to know so 
that you could figure out the answer?" This permitted a subject to 
cease working on a problem without seeming to have failed, or without 
becoming overly-anxious about lack of success, It was felt that a 
feeling of failure experienced early in the interview could have had 
implications for success or failure on later problems and therefore 
should be eliminated as much as possible, 

Most of the interviews lasted approximately forty-five 
minutes; however, no time limit was set, The subjects were allowed 
to continue working at a problem as long as they wished to do s0, 

At the end of the interview the subject was thanked for his parti- 
cipation in the research project, To ensure against contamination 
of the sample, he was asked not to discuss the problems or the game 


of "Twenty Questions" with his classmates, There was no reason 
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61 
to believe that contamination did in fact occur in any of the schools 


included in the study, 


IV. SCORING OF THE TESTS 


The criteria set out by Larson to score Problem I (the lost ball) 
were used in this study, These are given in detail in Appendix C and 
will not be included here since it was decided to use the problem for 
practice only and not to include it in the total test score in the 
‘statistical analysis. 

It had been anticipated that strategies similar to those 
identified by Larson for her "lost ball" problem would appear in the 
protocols used by the subjects to solve the mathematical problems as 
well, However, the problem solutions did not lend themselves to 
Larson's categories. There were nonetheless obvious differences in the 
way that students oriented themselves to the problems, organized their 
search for a solution and yalidated their answers, A method of scoring 
based on these categories was therefore set up. 

For ease and objectivity of scoring, each problem solution 
was considered in three ways: (1) the extent to which a subject sensed 
or structured the problem before attempting to find a solution; (2) 
predicted or hypothesized one or more avenues through which a solution 
could be reached; (3) yerified or validated a suggested solution, For 
each of these processes = sensing, predicting and verifying - a value 
of two was assigned with a maximum score of six for each problem, 

The scores were given in accordance with specified criteria for each 
problem (Appendix C) and the system proved to be quite workable. 


Since the validity of the findings would be dependent 
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upon the reliability of the scoring, it was decided to establish a 
measure of reliability for the scoring of the six problems. Three 
judges, two capable graduate students in the field of mathematics 
education and the experimenter, were given the transcribed protocols 
of ten randomly chosen subjects and were required to score these 
independently, A comparison of the values assigned by the three 
judges for each of the problems is given in Table IV. 

A coefficient of interscorer reliability was calculated 
using Winer's formula for Single Factor Experiments with Repeated 
Measures (1962, pp. 1058132). The adjusted reliabilities were .98, 
.96, .98, .99, .98 and .99 for Problems II to VII respectively. The 


overall reliability coefficient for the test was .99., 


V. SUMMARY 

This chapter contained a discussion of the construction 
and administration of the Strategies of Problem Solving Test, A 
rationale was established for the choice of items included in the 
test. The first item, Larson's "lost ball" was used as a practice 
problem; the remaining six problems were of a quantitative nature 
and required subjects to engage in a sensing=predicting-verifying 
cycle of mental activity while searching for a solution, The 
tape=recorded protocols of the subjects as they "thought aloud" 


were analyzed and scored according to a set of established criteria, 
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TABLE IV 


COMPARISON OF TEST SCORES FOR TEN SUBJECTS WITH THREE JUDGES 





Subject pile 
Number Problem: II Hug Ba IV V Va VII Total 





Judge: ABC ABC ABC ABC ABC ABC A 
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CHAPTER FIVE 
RESULTS OF THE INVESTIGATION 


This chapter reports an analysis of the differences between 
the Inquiry and Non=Inquiry groups on several variables as well as 
the results of testing the hypotheses, Other findings are also 


presented, 
I, DIFFERENCES BETWEEN GROUPS 


It had been assumed that the two major groups in the sample 
were roughly representative of the same population and that any 
differences found between them in problem solving ability might be 
attributable to the different kinds of arithmetic programs which they 
had experienced in the sixth grade, In order to determine whether 
they were indeed relatively equivalent, the two groups were compared 
on the variables of age, intelligence, language achievement and 
problem solving achievement. This analysis of variance is presented 
in Table. V, 

The only variables on which the differences in means between 
the two groups approached significance was on the Lowa Problem Solving 
subtest. This indicated that the two groups were somewhat different 
in achievement on a conventional arithmetic problem test and that steps 
should be taken to control for this variance when testing Hypothesis 
ats 

Although the mean intelligence, both verbal and non-verbal 
was almost the same for both groups, an examination of the distribution 


of intelligence within the groups showed that the range of I.Q. was 
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greater for the Inquiry group. Similarly the distribution of age for 
the two groups showed that the subjects in the Inquiry group were 
somewhat younger than those in the Non-Inquiry group. On the basis of 
this variance in distribution of intelligence and age (Tables VI and 
VII), it was decided to control for these variables as well as for 


problem solving achievement, 


TABLE V 


ANALYSIS OF VARIANCE BETWEEN INQUIRY AND NON#INQUIRY GROUPS 








Inquiry Non=Inquiry 
Dense A Mean S.D. Mean S.D, uy Pp 
re ENE IR a ae a ree 
Age (months) THOLGS:) 6575 Dil Oo 609 oth Sosy) 
Verbal I.Q. HO7 go 9 16,0). 1LO7 79 Lewke 00 3.99 
NoneVerbal 1,9. L1O9,10 14.31 LO9.405 LO CLE ROR eon 
Language e004 Lal See COM oe als) 
(5epoint scale) 
Iowa Problem 16.00 ~ 5.03 Lo.i5, |e 90: 9 5460 .06 
Test 








“Maximum score = 31 


II, RESULTS OF TESTING THE HYPOTHESES 


Hypothesis 1. 

There is no significant difference in problem solving ability, 
as measured by the Strategies of Problem Solving Test, for students 
in the Inquiry group and those in the NoneInquiry group, when 


controlling for age, intelligence and problem solving achievement, 
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TABLE VI 


DISTRIBUTION OF I.Q. FOR STUDENTS IN THE SAMPLE 











iy=, OO 
Inquiry Group Non-Ingquiry Group 

Interval Verbal Non-Verbal Verbal Non-Verbal 
Below 80 2 1 

80-89 5 il e 
70-99 7 10 ab 4 
100-109 6 9 1S 15 
110-119 ri 9 9 14 
120-129 10 7 5 14 
130-139 2 iL i hy 
140-149 ol: e ar ih 
Total LO LO LO 40 





TABLE VII 


DISTRIBUTION OF AGE FOR STUDENTS IN THE SAMPLE 
Nie? 80 





Interval in 





Years and Inquiry Non-Inquiry 
Months 

10-6 to 10-11 D 3 

eh=Or Go) ~5 ite 3 

11-6 to 11-11 14 20 
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12-6 to l2-11 3 3 
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Appropriate models were constructed so that this hypothesis 
could be tested using Multiple Linear Regression Analysis, As shown in 
Table VIII, the difference in means between the two groups was found to 
be highly significant when age, I.Q, and problem solving achievement 
were covaried, Even when no controls were applied the difference was 
found to be Significant at the ,O2 level of probability. It therefore 
appeared that the hypothesis should be rejected, 

Supplement to Hypothesis 1, Since it had been established that 
there was a significant difference in problem solving ability in favor of 
the Inquiry group, it seemed desirable to investigate the source of this 
difference, Were each of the classroom subgroups contributing equally 
to this difference? 

An examination of the means for each of the subgroups, shown in 
Table IX, revealed that one classroom subgroup (Nc) seemed to be 


contributing more to the difference between the two mejor groups than 


any of the other three Non-Inquiry subgroups, Furthermore, another None 
Inquiry subgroup (Nb) had a mean that was actually higher than the means 
of two of the Inquiry subgroups (Ic and Id), and also higher than the 
mean for the total Inquiry group, 

In order to establish statistically the significance, if any, 
of the differences among the subgroups, their means were submitted to 
a Scheffé test, It was not deemed necessary to use adjusted means for 
this test, since the difference between the two major groups had been ~ 
shown to be significant even when no controls were applied to partial 
out the variance due to age, intelligence and problem solving achieve- 


ment, The probability matrix for the Scheffé Multiple Comparison of Means, 
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TABLE VIII 


ANALYSIS OF VARIANCE ON STRATEGIES OF PROBLEM SOLVING TEST: 


INQUIRY NON-INQUIRY GROUPS (Hypothesis 1) 





Mean Score Degrees of 
freedom FeRatio Pp 
indus ry Non-Inquiry num, den. 
ep ee see ees ESE gE EES TREES SS TS ES SS TE IE NE EE ST ES I ES ST SS EE I SI 
20n 1g te e)®) ak v2 i O01 





TABLE IX 


A COMPARISON OF MEANS AND STANDARD DEVIATIONS FOR THE STRATEGIES 


OF PROBLEM SOLVING TEST*: SUBGROUPS (N=10) 








Inquiry Non-Inguiry 

Class Mean >, D). Class Mean S10, 
Code Code 

Ia 2SeLO 6.47 Na 16.80 8.29 

AP To) I AO) 8.43 Nb 20.20 62101 
Ale} AS), (20) ieL0 Ne 1:6 , 9 6.76 
Id 20,00 8.03 Na 16659 8.02 
TVoOved LnGUsun vee 20.15 Fe ec Non-Inquiry 15.90 ES 
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69 
presented in Table X, shows that there was a significant differonce in 
means only between Inquiry subgroup Ia and Non-Inquiry subgroup Ne, 
when each of the subgroups is compared with every other subgroup, 

This analysis was sufficiently revealing so as to suggest considerable 
caution in interpreting the findings related to Hypothesis 1. Itig 
evident that the mean score of only one Inquiry subgroup was significantly 
higher than the mean of only one of the NoneInquiry subgroups, Further- 
more, three of the NoneInquiry subgroups actually scored means which 

rate higher than ope of the Inquiry subgroups, although the differences 
were not significant, Results of testing Hypothesis 1. are therefore 


somewhat equivocal and will be discussed further in Chapter Six, 


Hypothesis 2. 

There is no significant difference between male and female 
subjects in problem solving ability as measured by the Strategies of 
Problem Solving ‘Test, 

Multiple Linear Regression Analysis was used to test this 
hypothesis. The difference in means for the male and female subjects 
was found to be vnob significant at the .05 level when an Feratio was 
calculated (Table XI). Hence the hypothesis was not rejected, Males 
and females do not differ significantly in problem solving ability 


as measured by the Strategies of Problem Solving Test. 


Hypothesis 3. 


There is no significant relationship between a subject's 
problem solving ability as measured by the Strategies of Problem 


Solving Test and: 


(a) Language Achievement 


m1) 
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TABLE X 


PROBABILITY MATRIX FOR SCHEFFE MULTIPLE COMPARISON OF MEANS ON STRATEGIES 


OF PROBLEM SOLVING TEST: SUBGROUPS (n=10) 





Subgroup Ia Ib ats! Id Na Nb Ne Nada 
ia -- 99 2 Ree aie 99 505 Kae) 
Ib - 94 Y.99 Ag 1p eae sii 390 
nrc ee I9e ee 9 88 eb. 99 
Id oes 99 Y.99 7 99 
Na -- 99 78 5-99 
Nb ae 027 99 
Ne -- soe 
Na es 





TABLE XI 


ANALYSIS OF VARIANCE ON STRATEGIES OF PROBLEM SOLVING TEST: 


MALES AND FEMALES (Hypothesis 2) 





Mean Score Degrees of F-Ratio Pp 
freedom 
Males Females num, | den. 
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(b) Verbal Intelligence 

(c) Non-Verbal Intelligence 

(d) Age 

(e) Arithmetic peaPlen Solving Achievement, 

(a) Problem Solving Ability and Language Achievement. Table 
XII wives the correlations of language achievement with each of the 
problem subscores and with the total score on the Strategies Test, 
Problem III and Problem VI showed a statistically significant, but low, 
correlation with language achievement. The correlation of language 
achievement with the total score on the Strategies Test was not 
Significant at the .05 level and therefore, the hypothesis was not 
rejected, There is no significant relationship between language 
achievement and problem solving ability as measured by the Strategies 
of Problem Solving Test. 

(b) Problem Solving Ability and Verbal Intelligence. The 
correlation coefficients and their probabilities for verbal intelligence 
and the Strategies Test subscores and total are given in Table XIII. 
Correlations significant at the .01 level appear only for Problems III, 
V and VI, There is also a correlation of .35 for the total test score 
which was significant beyond the ,01 level and therefore, Hypothesis 
3 (b) was rejected, There is a significant relationship between 
problem solving ability and verbal intelligence, 

(c) Problem Solving Ability and Non-Verbal Intelligence. Table 
XIV gives the correlation coefficients and probabilities for non- 
verbal intelligence and the Strategies Test subscores and total. 
Correlations significant at the ,0O1 level appear for Problems ily Ii1, 


V, VI and VII, with III having the highest coefficient, Since there 
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TABLE XII fe 


CORRELATIONS: STRATEGIES TEST SUBSCORES AND TOTAL - LANGUAGE ACHIEVEMENT 


(Hypothesis 3 a) 





Problem i Le ca. IV V VI VII Total 
"5 oS 004 OC mee le sits “en le) 19 
P 22D 67 202 19 18 02 227 08 





TABLE XIII 


CORRELATIONS: STRATEGIES TEST SUBSCORES AND TOTAL = VERBAL INTELLIGENCE 


(Hypothesis 3 b) 





Problem 18 et Arg IV V VI VII Total 
» olla 520 a51 -,O4 ou ‘4 ees 29 
p fee Sludoces <ao1be Reve Dice omMncyoilhe 428 Za%01 





TABLE XIV 


CORRELATIONS: STRATEGIES TEST SUBSCORES AND TOTAL-NON-VERBAL INTELLIGENCE 
(Hypothesis 3 c) 





Pp errs 01a a hor Wil ybih wel fou, “Ficnoi 














sy SEX auger | 
THHRVATIOA SOAUDUAT = LATOD GHA aaROoesve Taam Aik » 28 
fa & einedting yt) , 


M@uLIEPWl GAaWSN - IATOT CUA ABRCOREVS TeeT SeINgTAnT Ss) GAWOU RR ee 
: 


tssdrtodya) 





a Siead 


Sao7 Lee SAGHEV=aOHUATOT GMA LsMOoes0e Tamar eaTOarAdRasaneree 
‘to ;t aheaitogys) 


i} 






(72) 
was a correlation of ,48 for the total test which was significant beyond 
thes .0L level, Hypothesis 3 (c) was rejected, There is a significant 


relationship between problem solving ability and non-verbal intelligence, 





(d) Problem Solving Ability and Age, Table XV gives the 
correlation coefficients and probabilities for age and the Strategies 
Test Ba dares and total, It was noted that, while Problems II and \V, 
as well as the total score, do correlate significantly with age, all of 
the coefficients are negative, This result is not too surprising 
considering the small range of ages within the sample (about two and a 
half years), and considering also that ten subjects (one-eighth of the 
sample), whose ages were eleven years and two months or less, were all 
on a pebes program and were all rated as above average in intelli- 
gence, The five-year program in the Edmonton Public School System 
selects students of superior ability and eccelerates their rate of 
progress in the elementary school by one year over a five year period, 
It should also be noted that age correlated negatively with every other 
variable in the study as can be seen by examining the intercorrelation 
matrix for the major variables (Appendix D). 

With the reservations noted above, it must be concluded that, 
in this study, there was a significant, but negative, correlation 
between problem solving ability and age, Hypothesis 3 (d) was rejected, 

(e) Problem Solving Ability and Arithmetic Problem Solving 
Achievement, Hypothesis 3 (e) was intended to test the relationship 
between ability as measured by the Strategies Test and achievement as 
measured by the Jowa Problem Solving Subtest. Table XVI presents the 
correlations and probabilities for these two instruments, Problems ci igs 


V, VI and VII correlated significantly with the Iowa test. There 
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74 
was a correlation coefficient of .40, significant beyond the .01 level 


and the hypothesis was therefore rejected, There is a significant 
relationship between problem solving ability and arithmetic problem 
sOlving achievement, 

Summary of Hypothesis 3. Part (a) was not rejected . Problem 
sOlving ability did not correlate significantly with language achieve- 
ment, Parts (b), (c), (dad) and (e) were rejected, With certain 
limitations for age, problem solving ability correlates significantly 
with both verbal and nonverbal intelligence, with age, and with arith- 


metic problem solving achievement. 


Hypothesis 4. 

There is no significant difference between subjects classified 
as tentative and those classified as non=tentative in: 

(a) Language Achievement 

(b) Problem Solving Ability. 

Tentativeness and language Achievement. Using appropriate 
models, Hypothesis 4 (a) was tested by Multiple Linear Regression 
Analysis. The results are presented in Table XVII, Since subjects 
classified as tentative were not rated significantly higher in language 
achievement, as measured in this study, Hypothesis 4 (a) was not 
rejected, There is no significant difference in Language Achievement 
for subjects who exhibit tentativeness during problem solving and 
those who did not exhibit tentativeness. 

Tentativeness and Problem Solving Ability. Hypothesis 4 (b) 
was also tested by Multiple Linear Regression Analysis. Findings 


presented in Table XVIII show that there is a highly significant 
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TABLE XV 


CORRMLATIONS: STRATEQCIES VEST SUBSCORES AND ‘'O'TAL = AGM (Hypolhesiea 4 d) 





TABLE XVI 


CORRELATIONS: STRATEGIES TEST SUBSCORES AND TOTAL =- IOWA TEST 
(Hypothesis 3 e) 
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TABLE XVII 


ANALYSIS OF VARIANCE IN LANGUAGE ACHIEVEMENT FOR TENTATIVE AND NON- 


TENTATIVE SUBJECTS (Hypothesis 4 a) 








Mean Score (max, 5) Degrees of 
freedom FeRatio Pp 
Tentative Non-Tentative num, den, 
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difference in means on the Strategies of Problem Solving Test between 
ae classified as tentative and those classified as non-tentative, 
even when the score for the problem on which the classification was 
based is omitted from the test total. This was done so as to avoid 
prejudicing the findings since subjects who scored high on Problem III 
or Problem VII were usually classified as being tentative for those two 
problems respectively. 

Hypothesis 4 (b) was rejected, There is considerable evidence 
that tentativeness is closely associated with successful strategies of 
problem solving. Subjects classified as tentative scored significantly 
higher than did non-tentative subjects even on problems other than 


those on which the classification of tentativeness was based, 
Til  OLkER PiNDiNGcs 


The tape-recorded protocols of the problem-solving interviews 
represented a wealth of data which lend themselves to descriptive rather 


than stacdstacealyanalysiis.tyconesofethertfindings wiliebei. given here. 


Tentativeness 

Problem lII, Twenty-four subjects were identified as having 
used supposition and/or conditionals during their search for a solution 
to wProbiem Til, Of these, only eight, or thirty-three per cent, were 
rated above average in language achievement, There was little evidence 
therefore to support the hypothesis, expressed by Loban (1963), that 
high achivers in language use more tentative expressions than do low 


achievers, 


Seventeen of the twenty-four subjects who were classified as 


a) 
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tentative obtained the maximum score of six for Problem III, In other 
words, tentativeness was associated with successful problem solving 
seventy-one per cent of the time, It was also found that, of the 
eighteen subjects who had received the maximum score for Problem III, 
only one subject was not represented in the tentatives, Successful 
problem solving for Problem III was therefore associated with tentative- 
ness ninety-four per cent of the time, 

An examination of the total scores for the Strategies Test 
yielded further evidence that successful problem solvers exhibited a 
fereater degree of tentativeness than did those who were less successful 
on the Strategies Test, Of the fourteen subjects who attained the 
highest total score for the total test: i.e, a score of twenty-six or 
higher, every one was also a member of the "tentatives" group for 
Problem III, (Thirteen of these were later shown to be tentative for 
Problem VII as well,) The data on which the findings with respect to 
Problem III were based is presented in Table IXx, 

Problem VII, Thirty-three subjects were classified as tentative 

on the basis of comments made during the solution of Problem VII. 
Seventeen of these had also been judged tentative for Problem III, 
Of the thirty-three tentatives, twenty-six obtained a maximum score of 
six for Problem VII, In other words, eighty per cent of those who 
exhibited tentativeness for the problem had also arrived at a correct 
solution, There was no subject who was assigned the maximum score and 


who was not classified as tentative for Problem VII, Table XX presents 


the data on which thease conclusions are based, 
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TABLE XVIII 


ANALYSIS OF VARIANCE ON STRATEGIES OF PROBLEM SOLVING TEST FOR TENTATIVE 
AND NON*TENTATIVE SUBJECTS (Hypothesis 4 b) 








Mean Score (max,=30)* Degrees of 
freedom FeRatio P 
Tentative Non-Tentative num, den, 





Problem III 
19.75 13.43 1 78 16.49 < .001 


Problem VII 
16.76 12,45 1 78 21.67 < 2001 





“Total test score omits subscore for Problems III and VII respectively. 


TABLE IXX 


PERFORMANCE OF SUBJECTS CLASSIFIED AS TENTATIVE FOR PROBLEM III 





Inquiry Group Non-Inquiry Group 
Student Language Sub-= Student Language Sub= 
Number Rating score Total Number Rating score ‘Total 
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TABLE XX 


PERFORMANCE OF SUBJECTS CLASSIFIED AS TENTATIVE FOR PROBLEM VII 
N=33 








Inquiry Group Non-Inguiry Group 
Student Language Sub-= Test Student Language Sub- Test 
Number Rating score Total. Number Rating score Total 

Via Vil 
101 4 6 35 501 h > 28 
= 102 2 6 18 502 5 & 28 
#2 : “ Be 504 3 3 17 
105 rz 4 25 506 2 6 25 
106 3 6 fe 601 3 6 = 
109 Ih 6 a7 602 h ‘a 29 
201 5 6 Se 701 \ 6 17 
a. 3 6 33 706 3 6 ae 
204 5 2 18 801 5 6 32 
205 5 6 S16} z 
806 Ss 16 
209 as 6 14 
Z10 5 4 20 
304 1 6 15 
305 3 6 a 
306 (a3 6 25 
307 2 6 24 
LOL S) 6 ee) 
LO e) 6 oie 
LOG 3 6 22 






a 
| : : 
OY Busia ieee : 
“Si - - - . 
Pil MaAGGRT OT AVETADMAD Oh cr 7raskg Seema no GemnaneaEa 7 
h: Y S\aeeee A 7 








tare] “LE «apnoea tashuis tae? 12 ow Bis ate ow 
[efelt 48038 sa tian BOM BAT LAroe viooe 678 . 
4 RO ce, 2 ry Or vy 
r 308 81 re) $ . Sor 
x sO? iS # Ss TOL” 
aoc Qs } *. _ ROL 
7 re ce 4 € gOL 
ih S04 5 w { eOL 
r “1 318 [> of 5 * oft 
| £05 rn: € - £08 : 
aoe ce € bee . 
[0 > id — 9S 
: ¢ — co ? e ~ 805 : 
OLA SL a 2 30S 
Ae a £ Qos 
oS g Ors 
a sot 7 
a d "= i) = 
os 3 ae “y 
5 a =. yor 
Re ao e). € _ | £0) . 
bs a a 
ss a j. te 





80 


Triai-and-Error 

Another analysis which proved particularly intersting involved 
the classification of the protocols on the basis of the procedures 
used by the subjects to solve one or more of the problems, These were 
categorized as Equation (algorithmic solution), Deduction (logical 
reasoning) and Trial-and-Error (including successive approximations), or 
any combination of the three procedures, This categorization was also 
used by Kilpatrick (1967) in his study of the procedures used by 
eighth-grade pupils as they attempted to solve a battery of mathematical 
problems, 

In the present investigation, the use of either trial-and-error 
or successive approximation was associated most of the time with both 
tentativeness and with a correct solution for Problem III. Deduction 
Or equation, on the other hand, rarely yielded a correct. solution, 

The trial-and-error method was also characterized by frequent use of 
conditionals and supposition: therefore the relationship with tentative 
thinking seems to be a natural one, Of the nineteen students who used 
trialeand-error, either right away or after another approach had 

failed to produce a verifiable answer, all were also classified as 
being tentative for Problem III, 


These findings will be discussed further in Chapter Six, 
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IV, SUMMARY 

This chapter contained an analysis of the differences observed 
between the Inquiry and NoneInquiry groups on several variables: age, 
intelligence, language achievement and arithmetic problem solving 
achievement, It also reported the results of testing the four null 
Mearneese which were associated with the purposes of the study as 
outlined in Chapter One, 

the iret purpose of the study was to determine whether an 
inquiry approach to mathematics teaching would have any significant 
effect on the problem solving ability of grade six pupils as measured 


by the Strategies of Problem Solving Test. It was found that subjects 





who had been taught by an inquiry approach did score significantly 
higher than those who were taught by a noneinquiry approach, An 
analysis of the differences in means for the subgroups (ten subjects 
from each of the eight participating classrooms) revealed that there 
was a Significant difference in means only between one Inquiry subgroup 
and one Non-Inquiry subgroup. 

No sex differences were observed to be statistically significant. 
when ability to solve problems was measured by the Strategies Test. Age, 
verbal and noneverbal intelligence, and arithmetic problem solving 
achievement were found to be significantly related to problem solving 
ability. Language achievement, as measured in the study, was not found 
to be significantly related to either problem solving ability or to 
tentativeness, Tentativeness and the ability to use trial-and-error 
as a method of arene arithmetic problems were found to be associated 
with superior problem solving ability, Implications from these findings 


will be discussed in the final chapter. 
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CHAPTER SIX 
SUMMARY, CONCLUSIONS, IMPLICATIONS AND SUGGESTIONS FOR FURTHER RESEARCH 
I, SUMMARY OF THE INVESTIGATION 


The purpose of this study was: (1) to investigate the effective- 
ness of an inquiry approach to the teaching of arithmetic in grade six 
for the development of efficient strategies of problem solving; (2) 
to examine the relationships among language achievement, tentative 
thinking and problem solving, 

The randomly chosen sample consisted of eighty grade six 
students, ten from each of eight classrooms located in seven schools 
in the city of Edmonton, Alberta, Forty of these students were from 
classrooms which had been identified as using an ‘inguiry' approach 
and forty from classrooms using a 'non-inquiry! approach to the 
teaching of arithmetic, 

A Strategies of Problem Solving Test, consisting of seven 
verbal problems, was administered by means of individual interviews 
during which subjects were asked to "think aloud", to explain why they 
chose a particular approach toa problem, and to give reasons for 
believing that they had arrived at a correct or incorrect solution, 
The tape-recorded protocols were transcribed and scores assigned to 
each subject on the basis of the strategies which were used to solve 
the problems, Mean scores for the Inquiry group were compared to 
mean scores for the NoneInquiry group and tested statistically to 
determine the significance of the difference between them, 


The two groups were also compared on the variables of age, 
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83 
intelligence and language achievement, as well as on problem solving 
achievement measured by a written standardized test of arithmetic 
problem solving. The subjects' protocols for two of the problems from 
the Strategies Test were examined for evidence of tentative thinking, 
and a tentative or non-tentative rating was assigned, A statistical 
analysis of the relationship between these variables and problem solving 
ability (measured by the Strategies Test) was carried out, 

The conclusions based on the findings, implications for 
education and suggestions for further research are presented in this 


chapter. 


II, CONCLUSIONS 

The first question which was posed at the beginning of this 
study was: "Are there identifiable strategies which children adopt as 
they engage in a search for a problem solution?" The results seem to 
indicate that such strategies do exist and that they are related toa 
cycle of mental activity during which a child first of all senses or 
grasps the significance of a problem, seeks different ways of predicting 
or hypothesizing while searching for a solution, and attempts to verify 
his predictions or to settle conjectures, If validation of a solution 
is not possible, he may often start over again, sensing, predicting 
and verifying. The extent to which an individual is able to engage in 
these strategies will usually determine his success or failure in 
finding an appropriate solution, The conclusion is reached that 
developing flexible strategies which permit children to search for 
relationships and patterns as well as for solutions to problems, may 


indeed be one of the important goals of mathematics education, 
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Some evidence has been found to support the thesis that using an 
inquiry approach to the teaching of arithmetic enhances the problem 
solving strategies of grade six students, However, there is a strong 
possibility that a gain in one area of mathematical competence may be 
achieved at the expense of another, The Inquiry group Ia which scored 
the highest on the Strategies Test was also the same one which scored 
the lowest of all eight subgroups (Inquiry and Non-Inguiry) on a 
conventional standardized arithmetic problem test (Appendix D)., It is 
not known whether the low performance of this particular subgroup was 
due to computational errors, errors in understanding the problem, or 
simply tocatlack of practice inowriting this kind of®a*test, since ‘the 
design of the study did not include these variables, It is important, 
however, to note that the subgroup Ia came from the classroom which 
had completely converted to an activity or investigations approach, 

The other three Inquiry classrooms, particularly Ic and Id, had 
retained to some degree a textbook approach, and were using a modified 
form of the inquiry method method, based on individual, rather than 
classroom, inquiry. (A description of the programs in all of the 
classes was given in Chapter III.) 

It if interesting to note that NoneInquiry subgroup Nb not only 
had the highest mean of all the subgroups on the Iowa test, but also the 


third highest mean on the Strategies of Problem Solving Test. This 





particular room could also be described as using a blend of the 
traditional approach to teaching arithmetic, with an emphasis on 
developing computational skills, and what could be termed a more 


modern, "teaching for understanding," approach, Perhaps it was 
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85 
combining the best of both methodologies, 

The relationship of problem solving to language achievement, 
as it was measured in this study, was shown not to be significant, 
although both language and the Strategies Test correlated significantly 
with verbal and non-verbal intelligence (Appendix D). Tentativeness, 
however was shown to be closely related to successful strategies of 
problem solving. Subjects who engaged in tentative thinking during 
the solving of a problem were more likely to reach a correct solution 
than those who did not seem capable of considering more than one 
alternative, 

Contrary to Loban's hypothesis (1963), subjects who had a high 
language rating did not appear to engage in more tentative thinking 
than did those with a low language rating. This is partially explained 
by the fact that the language sample for which the rating was given was 
a vastly aifferent situation than the one on which the tentativeness 
rating was assigned, The former was a personal written composition; 
the latter was based on oral language used in a problem solving 
situation, It is also possible that the instrument used to measure 
language achievement in this study - a fiveepoint scale based on teacher 
evaluation and creative writing - differs in important respects from 
Loban's measure and did not discriminate sufficiently between those 
with more or less power over language. What is probably needed is a 
re-examination of the manner in which language skills are assessed in 
the classroom, Halliday's (1969) concept of verbal skills based on 
an awareness of the various functions which language serves might be a 
useful tool for the purpose of evaluating language growth in children, 


It is possible that, as he suggests, pupils need to develop competence 
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86 
in the particular language skills which are related to flexible 
strategies of problem solving. 

The investigation showed that there were no significant 
differences between girls and boys in problem solving ability as 
measured by the Strategies of Problem Solving Test. This finding is 
consistent with those of other studies such as the one by Post (1967). 

An interesting finding in the study was the extent to which 
successful problem=-solvers used trial and error, or successive 
approximations, to solve a problem for which they had not previously 
learned an algorithm or standard method, Poor problem=-solvers would 
often persist in using an inappropriate equation even when they were 
aware that it was not leading to a sensible or verifiable solution, 

The fact that use of an equation rarely led to a correct solution does 
not of course mean that equations are not a legitimate approach to 
arithmetic problem solving, There is no way of knowing to what extent 
previous experience with use of equations to solve problems may have 
contributed to a subject's successful use of trial-and-error in the 
present study. 

One explanation for the failure of deduction to lead toa 
correct solution may be that the children in the study had not yet 
reached the stage of formal operations which, according to Piaget, is 
necessary before children can engage in logical reasoning and deduction. 
A further explanation for the success of trial-and-error has been 
suggested by Kilpatrick (1967). Trial-and-error may well be the best 
procedure to use when confronted with a higher-order problem for which 


no algorithmic solution is known, 


The negative correlation of age with every other variable in 
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the study (Appendix D), including scores on the Strategies of Problem 
Solving Test, was perhaps the least important finding of the study; 
it was accounted for mostly by the fact that ten subjects (one-eighth 
of the sample) were on a five-year accelerated program in the school 
system, Therefore, the younger subjects, generally, were often the 
more intelligent, 

In spite of the fact that the Strategies Test was designed to 
evaluate the process of problem solving while the Iowa test obviously 
measures only the product, significant correlations for the two tests 
indicate that there 1s a fair amount of overlap in the abilities 
measured by both tests, This is not surprising since both tests must 
certainly be dependent upon quantitative reasoning, The same reasons 
could also be given for the relationships between the two tests and 


verbal and non-verbal intelligence, 


III, IMPLICATIONS 

Several implications for education can be drawn from the 
findings, An inquiry approach to the teaching of arithmetic may be one 
way of helping children to develop flexible strategies of problem 
s0lving. Such strategies, however, can also be acquired in classrooms 
where a more traditional approach is combined with the modern activity 
methodologies, School systems might be well advised to study further 
the effects of the discovery or inquiry approach before urging teachers 
of elementary mathematics to adopt it, Nonetheless, it has been shown 
that the enthusiasm of the teacher using a particular method may be 
more important that the method itself, If the inquiry approach serves 


to stimulate enthusiasm on the part of the teacher and of the pupils, 
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88 
then it most certuinly is a 'good! method to use, 

The investigation has shown that students in grade six can 
engage in solving problems not ordinarily included in arithmetic 
textbooks; problems which require the student to conjecture and to 
hypothesize, Teachers would be wise to pose problems of a "higher- 
order": from time to time and to refrain from "giving the answer", thus 
encouraging students to settle conjectures and verify their solutions, 

A further implication is that the components of the strategies, 
sensing, predicting and verifying, could probably be applied to many 
problems already found in the grade six curriculum, More time should 
be spent in having students discuss the relationships involved in a 
problem, as well as in having them explore alternative methods of 
solution, and in encouraging them to ask constantly, "Can this answer 
besvalidated:" 

An awareness of the different functions which language serves, 
particularly the heuristic function, may be important for the development 
of problem solving ability. The use of "higher-order" problems in the 
language classroom might be one way of increasing this awareness on the 
part of children and of developing the ability to think tentatively 
when confronted with a problem; an ability which this study has shown 


to be closely related to successful problem solving. 
IV. SUGGESTIONS FOR FURTHER RESEARCH 


This study used only one grade and investigated the effect of 
using an inquiry approach to the teaching of mathematics for one year 
only. Further studies should be made using more than one grade and/or 


examining the effect of using this approach over several years. 
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A second recommendation is that the effect of using trial-and- 
error as a method of solving arithmetic problems should be investigated, 
possibly by using a control group who were taught only to use deduction 
or algorithmic solutions, 

The relationship of tentativeness to both problem solving and 
to the ability to use language effectively needs further exploration. 
Such studies should, however, attempt to distinguish between the 


different kinds of language and the functions which they serve. 
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MATHEMATICS SURVEY 2 


The following questionnaire is part of a research project being 
planned by a graduate student in the Department of Elementary Education, 
University of Alberta, The survey will attempt to ascertain to what 
extent activity materials or a laboratory or non=textual nature are 
being used in the teaching of grade six arithmetic, All replies will be 
held in confidence and no results of the survey will be published without 
the express permission of the Edmonton Public School authorities, 

Thank you for your cooperation in the interest of research in education, 





Name of teacher School 








Years of teacher training Years of teaching experience 





Arithmetic series used this year: Seeing Through Arithmetic (Rev.) 


Elementary Mathematics (Addison-= 
Wesley) 

Modern Mathematics (Holt- 
Rinehart) 

Other 





Supplementary Activity or Laboratory Materials: 
Mathex 
Mathset 
Teacher=constructed 


- Other 





Approximate percentage of class time spent on activity or laboratory 
materials other than those contained in the textbook: 


Seldom About 25% 50% 75% or more 





Additional Comments regarding arithmetic program: 
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OBSERVATION CHECKLIST 








Teacher School 

Use of textbook: Usually Sometimes Seldom Never 

Type of activity: Class Small group Individual 
Teacher~initiated Pupil-initiated 
Exploratory Skill-practice Games 

Kind of teaching: Expository Inductive 

Generalization made bys Teacher Pupil 


Number of questions asked: By pupils(tally) 


By teacher(tally) 


Pupil responses to teacher questions (tally) 


Teacher responses to pupil questions (tally) 


Teacher criticism of pupil's work: 


Teacher praises pupil's work: 


Concrete materials used: (list) 


CORRES SRA a GS ES SD TA BL ES ES RE RE REIT STOR ES 





Other materials available 





Teaching techniques used: 
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LANGUAGE ASSIGNMENT 

To be read to the class: 

You will recall that Mrs, » Who was a recent Valsde@ ra O 
Our classroom, is interested in finding out what kinds of things are 
interesting to boys and girls in grade six, She would like to know if 
you would help her by telling her about some of the things that interest 
you. 

Since she can't possibly talk to all of you individually, she 


has asked me to have you write a paragraph for her on the topic: 


SOMETHING I LIKE AND WHY I LIKE IT, 


I will send her your paragraphs and I know she will read them all with 


a great deal of interest, 


For the teacher: 
1, Allow a discussion of some possible choices of activities or 


pets, etc, about which the students might write, (about 5 minutes) 

2, Encourage students to choose a topic about which they will 
be able to write about 100 to 200 words, One side of a2 sheet of 
foolscap will be sufficient, 

Since the ideas expressed by the children are more important 
than accurate spelling and/or neatness, do not allow children to 
re-copy their work, 

Allow up to twenty minutes of actual writing time, Return the 
paragraphs in the envelope supplied for assessment by the writer prior 


to the testing date in your classroom, Thank you, 















yweRM Tata SPAGDHAD 





ie ue i 


aaaAce eat ot ov 


Le | 


ed c ot 
i of 
‘ f - : as he ' . : v= 

pitt aM tad¢ Diaget thee woX 


i 


brid satw tvo yotbott ab besmetetiet ef ,moomsssio HO 


; a0 py ° i : 
) r elt ; a abats at efats bas ayod of BaSreeeene 
. 7 > a ~ 
7 - 7 1: 7 ] 
- ” , 5 s fal 
Meee a ne . 
§ Fd qgda gutifes yd ted qled Siyow YOY 
| . poe | 
Pe -* ahd a 
; i 
(Ta ou At he wae 7 =; arn Son aa 7 
: 4 ud 3 } IY 5 oe 4 Oe thee st 1 oe BBO°d. GED .bSS _ 4 ; 
° iJ 


: : 4 bn 
o ted tot destastsy s ottaw voy eval oF om Hewes aan 


GALI I YR GWA MARI T OMTHTSMOR © 


t ih ‘eo ener e, | 
> ; ao 1O £84098 10 we She ed 
1 1 
ainebiute ef dol tuoda 
1% 
5 


Jjaetoitiwa of LL ola [808 foo’ a 


an) Beni rd o£ ane Hize seebt ent poate 





Tem 






+HOY, ‘agnat - ¢mp04 | 


i 








Ps 


De 


LO; 


is 


102 


DIRECTIONS FOR ADMINISTERING IOWA TEST 


Say a few words about the importance of the pupils doing their best 
work and that they should work quickly but carefully, "Your score 
will be the number of exercises for which you choose the right 
answer," Pass out scratch paper. 


Pass out the answer sheets, Have the pupils fill in their name, 
Make sure each pupil has an HB pencil and knows how to fill in the 
spaces on the answer sheet, For practice, have them fill in the 
appropriate space for male or female, Point out that the answer 
which they choose for a question must be placed in the row that has 
the same number as the problem on the test, 


Pass out the test booklets. Say, "DO NOT OPEN THE TEST BOOKLET UNTIL 
I SAY BEGIN," Read the directions aloud from the cover of the 
booklet and do the sample questions with the class, 


“ARE THERE ANY QUESTIONS ABOUT THE TEST?" 


"YOU WILL HAVE EXACTLY THIRTY MINUTES FOR THE TEST, YOU ARE TO WORK 
ALL OF THE EXERCISES ON THE TEST IN THIS WAY. DO NOT WASTE TIME 
REWORKING A PROBLEM IF YOUR ANSWER IS NOT LIKE ANY OF THE THREE 
SUGGESTED ANSWERS, INSTEAD, FILL IN THE SPACE MARKED "D" ON YOUR 
ANSWER SHEET AND GO ON TO THE NEXT EXERCISE, IF YOU COME TO A 
PROBLEM THAT YOU CANNOT WORK OUT, LEAVE IT AND GO ON TO THE NEXT 
ONE, IF YOU HAVE TIME, YOU MAY RETURN TO IT LATER," 


" DO ALL YOUR WORK ON THE SCRATCH PAPER PROVIDED, MAKE NO MARKS AT 
ALL ON THE TEST BOOKLET," 


"IS EVERYONE READY NOW?" (Pause a moment to make sure there are no 
more questions,) 


NALLORIGHTS DEGIN, 


Circulate among pupils to make sure they are marking the answer 
sheet properly, Check also from time to time to see that pupils 
are not spending too much time on a difficult problem, If they 
are, suggest that they might be better to leave it and go on. 


At the end of exactly 30 minutes say, " ALL RIGHT STOP, WOULD YOU 
ALL PUT YOUR PRENCILS DOWN AND CLOSE THE TEST BOOKLET," 


Gather the test booklets immediately. Allow a moment for pupils to 
check that they have made all their marks heavy enough, and that 
any extra marks have been erased completely. Then, gather the 
answer sheets, 
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CRITERIA FOR SCORING WRITTEN COMPOSITIONS 


Quality of Ideas, Organization and Presentation. 


Value 


Value 


Value 3: 


Value 2: 


Value 1: 


Mechanics 


Value 5: 


Value 


Value 


Value 


Value 


5s 


i 





The qualities suggeted for 4 plus such added qualities as the 
happy turn of phrase, added polish, greater maturity of thought, 


Good selection of ideas, 

Stays with the topic, 

Paragraphing - paragraphs used when necessary, 

Connectives used when necessary, 

Sentences logically organized, 

Reasonable variety in sentence structure to give a pleasing 
effect, 

Pleasing and unpretentious style, 

Agreeable as to appearance, 


The same qualities as in 4 above, but only average in 
effectiveness. Include papers otherwise well written byt 
not on the topic assigned, 


Lacking in most of the qualities listed for 4, but intelligible. 


Generally lacking in the qualities for 4, Is incoherent, 
garbled, illogical, immature, obscure, 


and usage, 


No errors, 

UOMO m On TO Ss 
4 to 6 errors, 
7 to 9 errors, 


More than 9 errors. 
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THE PROBLEMS 


Te Jtther losite bakiy 


Just for practice let's begin with a game called "Twenty 
Questions."' Here is a chart of a field (manilla tag marked off 
into 132 onesinch squares =~ 11 X12), Let's say that a boy lost 
his baseball somewhere in this field. I know where it is, but 
you do not, You have twenty questions to see if you can find out 
where it is (Larson, 1966, p. 153). 


II, “how many socks" 


Jane was getting dressed for a school concert when a theundere= 
storm caused all the lights in the house to go out before she had 
picked out a pair of matching socks from her drawer, Her father 
is waiting in the car to drive her to the school, They have just 
enough time to get there before the concert starts, She knows 
that she has only yellow, white and blue socks in her drawer and 
that any of these colors will match the dress she is wearing. How 
many socks should Jane take with her so that she can be sure of 
having two socks the same color to put on in the car? (Explain 
that the socks are not arranged in pairs in the drawer. For the 
boys in the study Jane became "John"! and the colors were blue, 
green and brown,) 


III. "how much copper" 


A nickel (five cents) is made of both nickel and copper. 
For every pound of nickel that goes into the mixture, there are 
three pounds of copper. How many pounds of copper would be needed 
to make 24 pounds of the nickel coins? 


IV. "chess and checkers" 


All of the students in a certain class know how to play either 
chess or checkers, but some know how to play both games, There are 
14 students who know how to play chess; there are 16 students who 
can play checkers; but there are 10 students who can play both 
chess and checkers, Can you figure out how many students there are 
in the class? 


V. "the vinegar problem"! 


A supermarket bought 275 gallons of vinegar in large barrels 
which had to be emptied right away and sent back to the factory. 
The manager of the supermarket found that he had only 168 empty 
gallon jars that he could fill with vinegar. He knew that these 
would not be enough to hold all the vinegar, so he decides to put 
the rest of the vinegar into pint containers, Could you figure 
out how many pint containers he will need? 
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VI. "father's age" 


A man married at the age of 25. His wife died 15 years after 
their marriage, leaving a daughter who was only 11 years old. 
After 9 more years, the daughter married a man who was 4 years 
Older than she was, When her father died, the daughter's husband 
was 45 years old. Is there any way that you could figure out how 
old her father was when he died? 


Vil .Shiitekit ofimoney"' 


Two brothers, Floyd and David, receive a gift of money each 
Christmas to be divided equally between the two boys. The total 
amount of money that their uncle sends for both of them is always 
equal to the product of their ages (explain the meaning of product). 
This past Christmas, in 1969, the uncle sent $36. The Christmas 
before last, in 1968, he sent $22 for the boys to divide between 
them, Could you figure out how old the boys were last Christmas; 
that is, what were their ages in 1969 when the uncle sent them $367 
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QUESTIONS AND COMMENTS MADE BY EXPERIMENTER 


Problem II 





You may ask any question you like, 

Can you tell me why you chose 4 (or 6, or 8)? 

Is that the smallest number she can take and still be sure 
of getting two socks the same color? 

Would she be sure or would she have to be lucky? 

She has only white, yellow and blue socks in her drawer, 


Problemotig 


You think they would need 8 lbs (or 72, or whatever) of copper to 
make 24 lbs, of the coins, 

What do you think? Do you think the 24 lbs. would be both? 

Could you explain how you got your answer? 

I see, 

Are you sure you've reached the right answer? 

How do you know? 

(Repeat the subject's statements at any time without expressing 
approval or disapproval.) 


Problem IV 


Why do you think there are 30 (oy 20 or 40) students in the class? 

Do you think the 10 would be ingluded? (in answer to a question 
about the inclusion of those who play both) 

Are you sure that is the number of students in the class? 

Why are you sure (or not sure)? 


Problem V 


Why do you think you should multiply (or divide) 96 by 4, etc.? 

Is there any way of figuring out how many pint containers he 
will need? 

How did you get that? 

(Repeat any statement made by the subject, or say I see ina 
noncommittal tone.) 

Yes there are 8 pints in a gallon (or 4 quarts, etc,). 

Are you sure you've reached the right answer? 

Why are you sure (or not sure)? 


Problem VI 


Why did you add 25 and 15 (or 40 and 9, ores 

Would you like to read it again? 

Do you think there is any way of figuring out how old the father 
was when he died? 

How did you get that 217 Why would you add 21 to the 49, etc.? 

Is there any way you could be sure that is the right answer? 
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Problem VII 





Is them any way of figuring out how old they might have been 
when they got the $36 or the $22? 

Are there any other possibilities? . 

Is there any way of knowing for sure that they really were 9 and 
4 Cor 6yands6;\ or Svand! 1256 etc .)? 

If they were both 18, how much money would the uncle have sent? 

Remember the uncle multiplies their ages to decide how much money 
he should send? 

Are you sure you've reached the right answer? 

Why are you sure? (or not sure) 

Do you think there is any way of knowing for sure just how old 
they were? 
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CRITERIA FOR SCORING PROBLEM I "THE LOST BALL" 


Schematic Strategy 


Score 
(a) highly efficient grouping to eliminate alternatives 6 
(b) systematic elimination of alternatives by rows or 
subegroups 5 


Example: (Score of 6) 
Subject's questions or comments 


Let's say that was the line right down the middle; 


is it on this side? 


Then is it on this side? 

Is it in this half of that side? 

Ts itein this half of that side? 

Then is it in this half (referring to 1/l6th 


of the total area)? 
Is it in that square? 
That one? 


Thematic Strategy: 


(a) organized cumulative imaginative questions 
dealing with a theme 


Experimenter's response 


No, 
Yes. 
No, 
No, 


No, 
No, 
Liat! sr ehic. 


(b) tendency toward irrelevant questions dealing with 


a theme, 


Example: (Score of 3) 


Did it land near the center? 

Well, over in here. (pointing) 

Did he kick it foul or something 

Is there a park around here? 

Were there any trees in the field? 

Was he eating his lunch when he lost it? 

If he went out to play, do you know where he went 


out? 


Could he have laid it right here as he went out? 
Maybe he laid it along the path? 


Down here? (Pointing) 


Did he lay it in this square? 
But he was laying it down when he went out? 


Is it in’ this "sqtiare? 


Unsystematic Strategy: 


What do you mean? 
No. 
No, 
Outside the field, 
No, 
No. 


The gate is over here, 
Noyene didn't 

Where do you think 

the path is? 

Yes, that's it. 

No, 

Yes, 

Yes, that's it, 


(a) semi=random guessing - some grouping of squares or questions 


dealing with a row; 


2 


(b) random guessing = questions dealing with specific squares. 1l 
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CRITERIA FOR SCORING STRATEGIES TEST 


PROBLEM II "HOW MANY SOCKS" 


ensing: 
Score 
a, Subject shows by questions or comments that the problem 
is firmly grasped or structured to permit search for a 
solution: e.g. "He has several pair of each color, but 
he only has three colors, He wants to know how many 
socks to take so he'd be sure of getting a pair." ra 


b. Problem is only partially grasped; subject searches for 
solution without clearly understanding what is given and 
what is asked for: e.g. "He could feel the socks and take 
two that feg the same," ul 


c. Subject refuses to accept the situation as a problem he 
could solve; e.g. "There's no way of knowing he has two 
the same unless he takes them all," O 


Predicting: 


a. Subject considers various alternatives or possibilities} 
a valid hypothesis is made: e.g,"if she takes 3 socks, 
they might be one of each color"; a systematic search 
is made which leads to a valid answer, 2 


b, Subject gives correct answer and then changes his mind; 
semi=~random guessing; makes an invalid hypothesis: e.g. 
"if she took 6 they could all be different." i. 


c. Student indulges in random guessing; tendency towards 
irrelevant statements, oO 


Validating: 


a. Gives a good reason for a correct answer: e.g. "if she 
takes 4 socks, they couldn't all be different because 
she only has 3 colors, s0 4 is enough," a 


b. Subject gives a valid reason for not accepting an 
incorrect answer: e.g. "She wouldn't need to take 8 
because there are only 3 different colors, but I'm 
not sure how many she should take," Subject says that 


4 socks would be enough but isn't quite sure why. i 


c. No attempt to verify an answer; says there is just 
no way of knowing. @) 
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PROBLEM III "HOW MUCH COPPER" 


Sensing 
BEOLe. 
a, Student shows that problem situation is firmly grasped and 
structured to permit search for a solution: e.g, "The 24 
lbs, of coins is made up of nickel and copper both; the 
recipe. says 1 1b,. of nickel to 3 lbs, of copper" gr "IT 
have to find out how much of this 24 lbs is copper." a 
b. Situation is only partially grasped; subject doesn't 
recognize that the 24 lbs. is made up of nickel and 
copper both, but knows that there has to be three times 
as much copper as there is nickel. 1. 
c. Subject randomly manipulates numbers without showing that 
he understands that the amount of copper must be three 
times that of the nickel, 0 
Predicting: 
a, Arrives at the correct answer, 18 lbs, of copper either 
by use of rate equation, deduction or some kind of 
approximation, 2 
b, Suggests only inappropriate solutions but has shown 
that the problem is understood, ib 
c. Refuses to pred{tt a solution; says it can't be done, O 
Validating 
a. Gives a valid reason for a correct solution: ‘e.g. 
" 18 is 3 times 6 and 18 and 6 together come aut to 
eu tbs, 60 it has to be right." 2. 
b. Recognizes that 8 lbs, or 72 lbs. can't be correct 
because of a valid reason; but fails to come up with 
the correct solution, i: 
c. Makes no attempt to validate a solution; says it has 


to be right because 24 times 3 is 72 or 24 divided by 
3 is 83 relies on correctness of computation to verify 
an answer, 0 
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PROBLEM IV "CHESS AND CHECKERS" 


Sensing: 
Score 
a. Recognizes that the 10 who play both chess and checkers are ~ 
included in the 14 chess players and the 16 checker players. 2 
b. Has only a partial grasp of the situations doesn't recog= 
nize that the 10 are included both groups. 1 
c. Doesn't recognize the problem as being one of inclusion. O 
Predicting: 
a, Reaches the correct solution by excluding the 10 from one 
of the other two groups, or by subtracting, ie 
b, Adds 14 and 16, but fails to subtract the 10. a 
c, dust adds the three groups without knowing why, O 
Validating: 
a. Gives a valid reason for excluding or subtracting the 10. 2 
b. Can't give a reason for subtracting the ten; gives a 
reason for not including the 10 but is unsure and 
changes back to an incorrect response, il 
c. Can't give any reason for adding or subtracting; has 
not come to grips with the problem, O 
PROBLEM V "THE VINEGAR PROBLEM'' 
ens : 
a. Recognizes the problem as requiring the changing of 96 
quarts into gallons before subtracting from the gallons 
of vinegar and also that the remainder will be in gallons 
and must be changed into pints. e 
b. Partially grasps the problem situation but fails to see 
the necessity of changing the units, al 
¢. Doesn't accept it as a problem; says he can't do it, O 
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Predicting: 
Score 
a, Carries out all the necessary calculations to arrive at 
the correct solution, 2 
b. Only does part of the required calculations or makes 
an error in computation or a small error in methodology, al 
c, Manipulates numbers in a random fashion without coming 
to grips with the problem, 0 
Validating: 
a. Gives a good reason for believing that 664 pints is the 
correct answer by explaining the necessity of changing 
the quarts to gallons and the gallons to pints, a 
b. Gives a poor reason for a correct solution: e.g, the 
correctness of the computations or recognizes that an 
answer is incorrect but is unable to find another solution, 1 
c, If the subject has engaged in random calculations showing 
no grasp of the problem, assign O for this section also. O 
PROBLEM VI "FATHER'S AGE" 
Sensing: 
a. Grasps the significance of the relationship between the 
son—in=law's age and the age of the father. a 
b. Only partially grasps the significance of the son*in=law's 
age as it relates to the age of the father. di; 
c. No grasp of the problems what is given and what is required, O 
Predicting: 
a, Arrives at the correct answer, 70 years, by appropriate 
calculations, (2 
b, Omits to do part of the calculation or makes a computational 
error. ul 
c. Randomly adds numbers without understanding the problem, 0 
Validating: 
a, Gives a good reason for adding thé 21 years to 49: e.g. 


45 minus 24 is the number of years they were married; the 


father lived all that time too, so he must have been 21 years 


older too, 


a 
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b. Partially validates the solution: e.g. gives reasons for bringing 
the father's age to 49 but is unable to proceed from there} 
or finds the right age but is unable to tell why the 21 
years should be added, 


(ol Gives no reasons for adding numbers in a random fashion, O 


Sensing: 


PROBLEM VII "THE GIFI" 


a, @rasps the significance of the two amounts of money and 


understands what is asked for; also realizes that there 

is a relationship between the amount of money that is 

sent for two consecutive years: e.g. "I have to find 

two numbers that go into 36 evenly and when you subtract: 

one from each of them and then multiply you'll get 22," 2 


Partially grasps the problems realizes the significance of 
finding two factors of 36 and 22 but doesn't see the 
relationship of the amounts in terms of two congecutive 
years, (No grasp of the problem at all, score 9) al 


Predicting: 


Ae 


Searches for and finds the correct combination of ages 
which will accommodate the oneryear difference in their 
ages, 2 


Suggests several combinations of ages but is unable to 
reach the correct solution, 1 


Says that there is just no way of figuring the boys! 
ages when all you know is the money they received, O 


Validating: 


As 


Gives a good reason for believing that 3 and 12 are the 

right answers: e.g, 3 times 12 gives you $36 for 1969 

and then if you take one year off each age and multiply 

vou getvece.’' fal 


Gives a valid reason for believing that suggested combinations 
are not the right ones, but is unable to find the correct 
solution: e.g. " 9 and 4 work all right for the $36, but 

not for the year before when they got $22, so it can't be 
right. a 


Is unable to find any way of checking to see if a combination 
that works for 1969, such as 9 and 4, are actually the ages 
that the boys were, O 
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TABLE XXI 


MEANS AND STANDARD DEVIATIONS FOR THE IOWA TEST: SUBGROUPS 





(N=10) 
a a a) 
Toquiry sa Non-Inquiry 
Class Mean Standard Class Mean Standard 
Deviation Code Deviation 
Ia 1 Be Na 16, 4 3 50 
Ib Low’ Deo Nb 20,4 BS) 
Ic Asap re 5.8 Ne 1p 7 ye 
Id 16.9 Re) Nd 20,0 Lee 
Total 16.0 520 Total Lo. 340) 


——oe—e=—e=E=eEe=E=E=EeEeEeEeEeEeEeEeEeEe=EeSeSSNQSSSS—S SSS 


One-way Analysis of Variance between total Inquiry and total Non-Inquiry 
Groups: FeRatio 3.60 (d.f.¥/78) Probability ,06 


Scheffé Multiple Comparison of Means for Subgroups: differences not 
Significant at the .05 level. 
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APPENDIX E 


TENTATIVE AND NON=TENTATIVE PROTOCOLS 





de ar 
& XICMETIA ae 


EXAMPLES OF TENTATIVE PROTOCOLS 


Problem III (how much copper) 


(a) 


(bd) 


Subject's Comments or Questions 


I think I know how many, Six, 

Oh, no! Six of those 3 1b, chunks, so 
that would be 18 of copper. 

Well, 6 times 3 is 18, and 6 times 1 is 6, 
and 18 and 6 makes 24 lbs, altogether, 


Well I tried different other numbers. 


I tried 4 and it was too short ‘cause 12 
and 4 is only 16, so I went to 6 and it 
worked, 


Three times 24 is 72, 
(@ 0B. OL copper: 


I guess it would be 


Yes, but, wait, where would the nickel be? 
That can't be right because you have to put 
the nickel in too, 

Every pound, one pound for every... ( pause) 


Yes. (long pause) I keep getting 8 but 
I don't know where it comes from, 


Well maybe it could be used in the copper but 
how did I get that when I need the nickel? 
Yes, I got 8 because I divided 24 by 3, but 
I have to see how much the nickel is. 


It could be, but somehow nickel doesn't fit 


in there by three it needs, and yet,72 pounds 


is too much, Let's see... there's one 1b, 
of nickel and 3 lbs. of copper and you keep 
doing that until you get to 24. (She writes: 


2 6 
& 9 
4 12) 


that's it I think, 


Yes, but that still isn't enough... 

Because 4 and 12 is only 16, (At this point 
the subject gave up and said the answer must 
be 72lbs. because 3% times 24 made 72.) 
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Experimenter's Comments 


You think. 6,2 be. 
copper, 


of 


Why do say 18? 


Where did the 6 come 
from? 

What other numbers did 
you. try? 


Vow winsisalke We les) se © 
copper, 


I see. 
Is there enough informe 
ation given? 


You don't know how you 
got 8? 


You need the nickel? 
Would 8 lbs. of copper 


be needed to make 2h 
lbs, of the coins? 


Is that 4 of nickel and 
b2eopecoppers 


Why not? 
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Problem VII (gift of money) 


(a) 


Could they both be 18? What do you think? Could 
they? 
No, I don't think s0, because 18 times 
18 is a lot more than 36, Is there any other way you 
could figure out their ages? 
Well, it could be 6 times 6, Why do you say that? 
Because that's just one age they could have 
been, Is there any way of knowing 
for sure? 


Well, one could have been 4 and the other one 9, I see, 
But then it would have to have been $25 they 
got in 1968, Why? 
Because they would have been 5 years old then, What does that mean? 
I suppose I could do the 22 first and then 
the 36 next. And you have to times the two 
ages.... 1 suppose they could have been 11, 
no... that's adding. Could one be older? I imagine he could, 
The closest thing to that (indicating 4 and 9) 
would ,be.5 and. 7...leaqon'’tethink the uncle 
would send an extra dollar... (He re-reads the 


problen,) 
Foursands five,. three and seven, What are you thinking about? 
I'm looking for two numbers that multiply 

Upc Onee, .aLedon cerhink LNere. are any, Why do you want two numbers 


thav multiply up to 227 
Well, then 1 could add one to each of them and then 
see if it came to 36.. and if it did then you 
would know that was their ages, I see, 
Omisones could be Leand the other 2c... but 
that would mean that next Christmas it would 
be 2 times 24 and that's not right. Is there enough information 
: given? 
Yes, I think so, But how did he get that? Get what? 
The twenty-two dollars. (pause) It could be 
@ years old and then 11 for the other boy, So how old were they? 
Yes, it's two times 11 because then they'd be 
3 and l2 the next year and 3 times 12 is 


Ries Do you think 3 and 12 were 
their ages in 1969? 
Yes, because it works for both years, I see, 
(b) 
(He starts to multiply 3 times 13.) What are you multiplying 3 
feuayek 3L5) se@heyy 


Because they could have been 2 and 11 in 
196G,.Oh soe end i Lasive Le, tat Ve: dit. 
They were 2 and 11 the first year and 
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3 and 12 the next year, Domyom think 5 and 12 are 
the only possibilities? 
Yes, because... like... I tried some other 
numbers in my head and they they don't give 
yOoUeae, but 2 and 11 does... You see, 1 
added one year to each of them and that gave 
me 4% and 12 and it worked out to $36, I see, 


(Note that although he reached the answer almost immediately, he 

had tried other numbers and was prepared to reject an answer that 
could not be verified #"'didn't work out"= and therefore this subject 
was classed as tentative,) 


(c) 


I figured that 4 nines would work out to $36 
but then if they have to be the year before... 
well, they'd be 3 and 8 and it doesn't come out to 


2266 It doesn't work out, 
Let's see, another possibility for the 36 
i595 and 12; Why do you think 3 and 12? 


Because 3 times 12 is 36 and then the year 
before they'd be 11 and 2, Yes, that works 
out for the $22, So they must have been 3 
and 12 last Christmas. I see, 
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EXAMPLES OF NONeTENTATIVE PROTOCOLS 


Problem III (how much copper) 





(a) 

How much copper they would need? Yes, to make 24 lbs, of 
the coins. 

Eight pounds, How did you get 8? 

Leip Coll lobe Galle ah falas Why do you think you 
should divide 24 by 3? 

It seems like a good idea, Is there any way of 
checking to be sure 8 
is right? 


Well, 8 times 3, and that gives 24, so 
rus Set cvOMDe rient, Do you think there might 
be any other way of '! 
figuring it. out? 


Nope. 
(b) 
Is the 24 lbs. straight nickel? The-2h lbs. is five cent 
coins. Are they straight 
nickel? 


No, they'd be nickel and copper mixed, 

(He does some computation on paper.) 

They'd need 8 lbs, of copper, You think they would need 
8 lbs. of copper to make 
eu tbs, Of nickel coins, 

Yes, you see I figured it out with this 

ratio, Like the lbs, of nickel are 1 and 
the lbs. of copper are 5,., and that equals 
2reTps, 01 nickel and G6 LOS, Of copper, 
(He has written 1/3= 24/8,) I see, Are you auite sure 
then that they'd need 
8 lbs, of copper. 
Yes, cause I used the ratio and that's the 


only way we've been taught to do it, 


Problem VII (gift of money) 
(a) 


I think I should be able to do this one, 
Let's see, oh yes, now, 36, you times 
something into that... I just have to 
figure out what, Six times six...that 
would work, Yes, they must be 6 years old, You think they were 
both 6 years old, 
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Yes, and in 1968... they'd have been 5 
years then... Hmmm,.. 5 times 5 doesn't 
equal 22, What does that mean? 
That I can't get this question, because it 
looks okay and I think it's working out and 
then I look at this one and it's not right, Can you think of 
any other possibilities 
for their ages? 
Now De canttsdewit) Ll think’ this 1s a 
funny problem, Yourcan't think of “any 
other possibilities? 


Nope, 
(b) 
In 1969, they would each be 6, Why do you think they were 6? 
Because 6 times 6 is 36 and they got 
36 dollars, How about in 1968? 
£ can't figure that out, I see, Are there any other 
possibilities for 1969? 
No, just 6 and 6, Is there any way of knowing 
for sure that they were 
six in 1969? 
No, there's no way, 
(c) Could they be twins? What do you think? How old 


would they be then? 
Well, 6 and 6,.. and then that would be 
peanue>. a ou doesn! tafit. Why not? 
Because 5 times 5 is 25. Is there any way of working 
this problem? 
No there isn't, cause the 6 and 6 doesn't 
work for the 22, so I wouldn't know what 
to try next. Is there enough information 
given? 
No, I think they don't give you enough facts, I see, 


vss 


Soacm tandt asob tad 
it saveced aot 


base 210 astbitow-a!. 
tints tox arse ae 






to Amistd soy mB 
aelitiidfeace retto yas 
faens attedd tot, j 
+ ser err “4 
eT, vom 


* yates to oiatdd g'as9 vor 
febiviiidtaasg rexiso - 
cer oqo 
| | © 
93 exsw vent watdd-woy ob dt | -0 b¢ dose bivew yest 4eaer af 
ae ton yedt oom SE wt 6 eomid & eauaoed 
$hael at vuodh wok”. | ,stalLob at 
recto yne stadt stA see tuo Jady enoalt o' nag a 
feael sot eslitiidfesog 
0 bxe 8 taut ,on | 


aniwont to yew yfe oteds al 
stew yods stadt otwa “10% - 
yeoel wk xke ae es ok 
| .yaw On s'eteds ,of 


bfo wok Tantds voy ob JedW 


fastit ed gent oivow 
ed bivow sadt neddybme ...0 baw ’ i itew! 
Sson viW «tht: ¥* sneab haa | os i. 
-Rathitow to ve toe etedd st eS at & seem? @ apeapee 
Teeldorg atAg 
i" qeob 3 Lae be aud flies test seas of 


jedw woowk J! nbinow i oa pn ep ipa 
ent o 


gotianre tcl dgvone exadd el 
Saray ts, 
catont invods voy evi + a0b yedt antds I “ou : 


4 


.e5a I 





fadiv? od vod btw0d (2) 















a) aa ae 





= 


# 
? ad 
cr 
i 

















: 
: 
: 
7 
7 
7 
- 
at 
y= 
‘ 






























































































































































































































































